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ABSTRACT
In - situ air sparging (IAS), the injection of air into a saturated sub-surface
environment in order to remove volatile contaminants, is a contaminant remediation
method proven to be both effective and easily implemented. Despite its widespread use,
the design of IAS systems is usually based on empirical correlations and past experience
in order to determine the zone of influence of each air injection point. Recent research on
the technology of IAS produced a numerical model based on iterations between the Ideal
Gas Law and Darcy's Law to predict air plume growth in two dimensions (Marulanda,
2001). This model was axi-symmetric, and was validated using experimental data
generated in the laboratory using geotechnical centrifuge testing techniques. To be of
practical use, the model needs to be extended and validated using data from field sites.
The objective of this research is to extend the previously developed axi-
symmetric model towards a tool that can be used to aid in the design of air sparging
systems. In order to do this, the axi-symmetric coordinate system was converted to a
rectangular coordinate system. A rectangular coordinate system will better enable
engineering application of the model, as system parameters, such as hydraulic
conductivity and soil porosity, can be more realistically defined for rectangular, as
opposed to axi-symmetric, numerical elements. This thesis describes the extension of the
axi-symmetric model to a model with a rectangular coordinate system. The results of this
extended model are presented, and suggestions for future research and modification of
the model towards a true engineering design aid are made. Examples of field sites where
an engineering design aid for IAS might be tested and validated are also presented.
Thesis Co-Supervisor: Dr. Patricia J. Culligan
Title: Associate Professor
Thesis Co-Supervisor: Dr. John T. Germaine
Title: Principal Research Associate
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1 Introduction
1.1 Problem Statement
Previous research on air injection into a saturated porous medium, known as air
sparging, produced a numerical model based on iterations between the Ideal Gas Law and
Darcy's Law to predict air plume growth in two dimensions (Marulanda, 2001). This
model was axi-symmetric, and was validated using experimental data generated in the
laboratory using geotechnical centrifuge testing techniques. To be of practical use, the
model needs to be extended and validated using data from field sites.
1.2 Research Objective
The objective of this research is to extend the previously developed axi-symmetric
model towards a tool that can be used to aid in the design of air sparging systems. In
order to do this, the axi-symmetric coordinate system was converted to a rectangular
coordinate system. A rectangular coordinate system will better enable engineering
application of the model, as system parameters, such as hydraulic conductivity and soil
porosity, can be more realistically defined for rectangular, as opposed to axi-symmetric,
numerical elements.
1.3 Organization of Thesis
This thesis is organized into four chapters and three appendices, summarized in this
section.
Chapter 2 provides a summary of the principles and application of in-situ air
sparging. Mechanisms controlling air flow during sparging are discussed, including a
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brief overview of the significance of capillary pressure. Previous investigations into
these mechanisms and the resulting models are summarized, including an introduction to
the model upon which this thesis is based.
Chapter 3 summarizes all of the theoretical modeling conducted. The calculation
procedures used are presented, as well as diagrams and equations to describe the
algorithms controlling flow through rectangular elements in two dimensions. The results
of the model developed are presented, including the differing evolution of plumes as air
flow injection rate increases.
Chapter 4 presents a summary of conclusions, as well as recommendations for
further research.
Three appendices are also included. Appendix A contains the Visual Basic
computer code written in order to implement the model developed. Appendices B and C
contain field data from consultants for two air sparging field applications at confidential
sites. The data from the sparging sites are intended to aid in the calibration of a three-
dimensional model as one is developed in the future. Appendix B contains the data from
a pilot air sparging cell with a single shallow and single deep air injection point, and soil
vapor extraction system. Appendix C contains data from an air sparging system with 5
air injection points at approximately the same depth, and a soil vapor extraction system.
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2 Background
2.1 Introduction
In - situ air sparging (IAS), the injection of air into a saturated sub-surface
environment in order to remove volatile contaminants, is a contaminant remediation
method proven to be both effective and easily implemented (Fields et. al., 2002). Despite
its widespread use, the design of IAS systems is based on empirical correlations and past
experience in order to determine the zone of influence of each air injection point. Early
models of air injection relied upon parameters not often measured or reliably estimated
during the course of a typical site characterization. For this reason, these models are not
very useful in practice. A useful model to predict the zone of influence in practice needs
to be based upon easily characterized site parameters. The model discussed below makes
use of only the porosity and hydraulic conductivity of the porous medium into which air
is being injected, as well as the physical properties of the injection gas and interstitial
pore fluid.
2.2 Overview of In-Situ Air Sparging
Chemicals, particularly organic chemicals such as hydrocarbons, have been
introduced into the subsurface environment in a number of ways. Historically, poor
management practices dictated the disposal of chemicals by land application or directly to
the subsurface through trench disposal and other methods. Methods of removing these
chemicals have been a topic of research for over twenty years. (Marulanda, 2001). The
presence of groundwater in the sub-surface is often the driving force behind initiating the
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clean-up of a contaminated site, so the remediation of contaminated groundwater is often
considered much more important than remediation of the contaminated solid phase.
When contaminated groundwater is present, a common remediation technique is to
pump the groundwater from the aquifer and remove any contamination present in the
water at the surface, using a variety of methods, including filtering through organic
carbon, treatment with ultra-violet light, and air stripping, depending on the contaminant.
The success of pump-and-treat techniques is often very limited for the remediation of
organic contaminants. For example, less than five percent of a hydrocarbon spill will
typically enterthe dissolved phase. Therefore the contaminant mass that can be retrieved
by pumping groundwater from the aquifer is very low (Brown, 1995). In-situ chemical
treatment or flushing is also often employed, with the practical limitations involved in
injecting, or injecting and extracting, a large quantity of chemical (typically a liquid) into
the subsurface (Reddy et. al., 1995). Bioremediation is also frequently used, but suffers
from limitations involving biological considerations, the difficulty of placing the
organism (typically bacteria) in the area of concern, as well as sometimes slow clean-up
rates.
The limitations of the treatment methods cited above lead to the idea that some
contaminants, particularly volatile organic compounds (VOCs) would be more effectively
removed by air-phase transport, rather than by pumping the water phase. Any
contaminant with a high Henry's Law constant (typically above approximately 10 mm
Hg (Johnson, et. al., 1990)), which determines the vapor concentration as a fraction of
liquid phase concentration, would be amenable to this transport. Under an IAS scheme,
air is injected into the saturated ground and typically collected by a vacuum system at the
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ground surface, known as soil vapor extraction (SVE). This injection of air encourages
partitioning of the volatile compounds from the dissolved or free phase to the vapor phase
(Fields, et al, 2002).
Air sparging has been used extensively since 1985 in Germany (Hiller and
Gudemann, 1988) and in the United States since 1990 (Brown, 1995). In-situ air
sparging was initially classified as an innovative technology by the U.S. Environmental
Protection Agency (USEPA) under the USEPA's Superfund Innovative Technology
Evaluation (SITE) program (U.S. COE Engineer Manual 1110-1-4005). In-situ air
sparging has since been approved by the USEPA for use in remediating a variety of
volatile contaminants at numerous Superfund and other sites. The USEPA has cautioned
that although air sparging has been demonstrated at numerous sites, only a few sites are
well documented. It also cautions that air sparging has demonstrated sensitivity to minute
permeability changes, which can result in localized stripping between the sparge and
monitoring wells (http://www.frtr.,gov/matrix2/section4/4-34.html, 2003).
A typical air sparging system is depicted in Figure 2-1. The system consists of air
injection points below the groundwater table. Air leaves the injection wells (although it
is now believed that the air expands as a continuous front, not the bubbles commonly
depicted) and spreads through the groundwater (through a 'zone of influence') and up to
the phreatic surface. A vapor extraction system is commonly employed in the vadose
zone or at the ground surface to collect the air and volatilized contaminants from the air
sparging operations.
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Figure 2-1: Typical Air Sparging System (http://www.frtr.gov/matrix2/section4/4-34.html, 2003)
2.3 Investigations of the Mechanism of Air Flow During IAS
When the fluid in a porous medium is displaced by a gas, the gas must overcome
the hydrostatic pressure of the interstitial fluid (assuming that the interstitial fluid is
stationary), as well as the interfacial tension between the interstitial fluid and the gas.
When two immiscible fluids meet at an interface, an energy results from the difference
between the molecules in the interior of each phase and those at the contact surface (Bear,
1972). This interfacial energy is a constant between two given fluids, and is defined as
the amount of work necessary to separate a unit area of one substance from a unit area of
the other (Bear, 1972). When gas is injected into a porous medium, this interface
becomes an energy that the gas entering the saturated medium must overcome.
When the interface between the two fluids comes into contact with the solid surface
of a porous medium, the interface contacts the solid at a "contact angle". This contact
angle indicates the affinity of a given liquid for a given surface. This contact angle, 0, is
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indicated in Figure 2-2. The interface depicted in Figure 2-2 has an interfacial energy
that must be overcome in addition to the hydrostatic pressure in order for a gas to invade
the saturate porous medium.
R +4- Non-Wetting Fluid
------
- Solid Surface
WettingFluid
Figure 2-2: Interface in a capillary tube and capillary pressure (after Demond and Roberts, 1987)
(from Maralandu, 2001).
Soil pores are idealized as capillary tubes of radius R, where 2R is the D10 dimension of the porous
medium.
The interfacial energy, usually described in terms of a capillary pressure and represented
as Pcap, is calculated in Equation 2-1 below.
= 4ar cos6
cap D
Equation 2-1
Pcap = capillary pressure, as discussed above
c= interfacial tension between gas and liquid
o = contact angle, as shown in Figure 2-2
D = diameter of aperture, as shown in Figure 2-2
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The diameter of the aperture, D, is typically assumed to be the D10 dimension of the
porous medium into which the air is being injected (the dimension which 10 % of the
media's particle diameters are smaller.)
Thus, the total pressure that needs to be overcome in order for air to invade a
saturated porous medium is shown in Equation 2-2, where h is the height of the phreatic
surface above the air injection point.
4o-cosO
Pair Pwater g h + D
Equation 2-2
Pair = pressure in air phase necessary to invade the saturated porous medium
Pwater = density of water = 1000 kg/m 3
h = distance to phreatic surface
2.4 Theoretical Modeling of IAS
The first air sparging model to be widely used was developed in 1992 by Sellers
and Schreiber, and estimated the cleanup rates of air sparging wells. This model assumed
that air flowed as discrete bubbles within the porous media, and was distributed evenly
around the air injection point. This model used fluid properties and the characteristics of
the injector to determine bubble sizes and velocities (Sellers and Schreiber, 1992).
Bubble flow has since been eliminated from general use, and modeling with discrete air
bubbles is currently limited to air flow through coarse porous media (Ahlfeld, et al,
1994).
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The next widely accepted model was proposed by Ahlfeld et al (1994) and was
developed making use of the experimental results of Ji et al (1993). In these experiments,
air was observed to travel in continuous channels instead of as free bubbles. Ahlfeld's
model proposed that air flow could be correlated to pathways of high permeability. This
flow would result in macroscopic air flow channels with spacings dependent on the
configuration of the differences in permeability. This model has been adopted in other
models, including the series proposed by Wilson et. al. (1992 - 1996).
Air flow has also been modeled assuming that the air channels are evenly
distributed, and that saturation contours can be defined around an injection point
(Clayton, 1998). The most recent model that has been developed used experimental
results from air injection into a saturated porous media in a geotechnical centrifuge, and
depends on calculations using only Darcy's Law and the Ideal Gas Law (Marulanda,
2001). This model requires as soil input parameters only the hydraulic conductivity and
porosity of the porous medium, and is described in detail in Section 3. It is this model
that forms the basis for this research.
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3 Modeling
3.1 Introduction
Previous research on air injection into a saturated porous media produced a
numerical model based on iterations between the Ideal Gas Law (IGL) and Darcy's Law
to predict air plume growth (Marulanda, 2001). In this model, only the porosity and
hydraulic conductivity of the porous media must be known (as well as the physical
properties of the fluid and gas phase, such as density and viscosity). Because of the
parameters required, this model may be much more useful in engineering practice than
those models requiring the fitting of parameters to soil suction curves (e.g., the models
proposed by Wilson et al.), a difficult relationship to generate. Porosity and hydraulic
conductivity are commonly estimated in engineering practice, and the tests to determine
each in a laboratory setting are more straightforward and inexpensive than the generation
of soil suction curves. As Marulanda's previous model was developed using an axi-
symmetric coordinate system, this research entails converting this model to one using
rectangular coordinates, resulting in rectangular grid elements. This coordinate system
should aid this model's utility in practice, as regions of different porosity and hydraulic
conductivity can then be modeled as rectangular elements, rather than less realistic axi-
symmetrical elements.
3.2 Governing Principles
The governing principle that drove the development of the model introduced above
was that in order for air to flow into a saturated porous medium, the fluid phase in that
medium must first be displaced. Under this assumption, the only parameters then needed
in order to predict gas (and the corresponding fluid) movement are the hydraulic
16
conductivity of the medium and its porosity. In the model, an iterative calculation is
conducted utilizing the Ideal Gas Law and Darcy's Law. The model assumes a constant
air injection rate into a saturated porous medium.
To initiate the calculation, a volume 'guess' (referred to as Vguess) of the air plume is
first assumed. Since the gas injection rate, time elapsed (n, the number of moles injected,
is calculated by multiplying the molar flow rate and the elapsed time) and temperature are
known, a gas pressure in the air plume can be calculated. This calculation is shown in
Equation 3-1.
PnR-
calculated - v
guess
Equation 3-1
Pcalculated = pressure calculated from Vguess, as discussed above
n =-number of moles, calculated by converting volumetric flow rate to a molar
flow rate and multiplying this value by the elapsed time
R = molar gas constant for all ideal gases, = 8.314 JK-1 molE
T = temperature, K
Vguess = Assumed volume, as discussed above
Once a pressure in the gas phase has been calculated using the assumed volume, the
pressure in the water phase surrounding the air plume can be estimated. This pressure is
simply the gas pressure minus the capillary pressure as defined by Equation 2.1. Once the
water pressure adjacent to the air plume is calculated, Darcy's Law, shown in Equation
3-2 is employed.
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A hQ= k AAL
Equation 3-2
Q = volume of fluid flow
k = hydraulic conductivity of specified pore fluid in porous medium
Ah = difference in head between Point 1 and Point 2 = h2 -h
AL = length of flow path between Point 1 and Point 2 = L2 - L,
A = cross-sectional area (in a two-dimensional model with a unit depth, this area
is reduced to a length)
Using the equivalent head in the water adjacent to the plume and the known head at
fixed locations from the air injection point, Equation 3-2 is used to estimate the volume
of liquid that would flow under the imposed conditions. Since the flow of liquid changes
the volume of the air plume, a new volume of the air plume is calculated. This new
volume is then compared to the initial volume 'guess.' This process is repeated by
modifying the initial volume 'guess' until an acceptably small difference between the two
volumes (the new volume and the volume guess) is achieved.
3.3 Two-Dimensional Modeling
3.3.1 Ideal Gas Law (IGL) and Darcy's Law Calculations
For each time step, typically one second (although the code written allows for any
interval desired to be entered), the amount of air in units of moles input into the system is
computed, converted from the volumetric flow rate entered, typically in m3/sec. With the
number of moles of gas injected into the system at the time step of interest is known, a
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volume is 'guessed'. The initial 'guessed' volume in a time step is calculated as the
average of the volume of the previous time step (or the initial injection volume in the case
of the initial time step calculation) and a maximum volume referred to as Vguess max. This
maximum volume is calculated from the IGL, using the pressure required to maintain
hydrostatic pressure at the uppermost point in the gas phase in the previous time step, or
the pressure required for gas entry (P entry required). Once this volume is calculated, it is
necessary to reduce it by 10% (by multiplying by a Vguess factor of 0.90), in order to account
for the movement of the plume between the previous and current time steps. This
calculation is shown in Equation 3-3.
Vguess Max - Vguess Factor
entry required
Equation 3-3
Vguess max = maximum volume that maintains a pressure equal to the pressure in
the pore fluid at that height, as discussed above
n = number of moles, calculated by converting volumetric flow rate to a molar
flow rate and multiplying this value by the elapsed time
R = molar gas constant for all ideal gases, = 8.314 JK' mol-1
T = temperature, K
Pentry required = pressure required to equal the pressure in the pore fluid at that
height, as discussed above
VguessFactor = reduction factor necessary to account for vertical movement of plume
front (and corresponding reduction in Pentry required)
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The initial 'guessed' volume in a time step is then calculated as shown below in Equation
3-4.
v - ~previous +Vguess Max
guess 2
Equation 3-4
Vguess = volume that will be used to generate initial pressure iteration in a time
step
Vprevious = volume determined at the end of previous time step
Vguess max = maximum volume that maintains a pressure equal to the pressure in
the pore fluid at that height, as discussed above
Once this 'guessed' volume is determined, the corresponding pressure is calculated using
the IGL, shown in Equation 3-5.
cacltd=nRT
clculated uess atmospheric
Equation 3-5
Once the pressure in the plume is calculated, Darcy's Law is employed. The air pressure
in the plume is converted to an equivalent hydrostatic head in the adjacent fluid using
Equation 3-6 the equation below.
h a calc atmospheric - caphcalculated -
Pwater g
Equation 3-6
hcalculated = hydraulic head in fluid phase
Pcalc = pressure calculated from Vguess using IGL, as calculated in Equation 3-5
20
Patmospheric = atmospheric pressure, typically 101,300 N/m2
Pcap = capillary pressure, calculated as shown in Equation 2-2, with the contact
angle 0 assumed to be 0.
Pwater = density of water = 1000 kg/M3
g = acceleration of gravity, 9.81 m/sec2
With the equivalent head calculated, the gradient and resultant displacement in the
vertical and horizontal direction for each grid element involved in vertical or horizontal
flow, respectively, is calculated. The displacement notation used is shown in Figure 3-1.
The grid is labeled by (x, y) position coordinates, shown in the bottom left of each grid
element. Displacement in the positive x-direction (to the right, in the direction in which
the x-value increases) is described as x "1" - displacement; in the negative x-direction (to
the left, in the direction in which the x-value decreases) is described as x "2" -
displacement. Displacement in the positive y-direction (up) is described as y "1"
displacement.
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(0,2) (1,2) (2,2)
yt- displacmen1(xy)
(0,1) 1 (2,1)
Grid element* 'tially
,full of air jecton
11)
K x2-dIspIacement(x,y)-+ 
-- x1-displatcenn(xy)
(0,0) 1,_)_(2,0)
Figure 3-1: Grid System and Displacement Convention Used
The horizontal gradient is calculated using the difference between the hydraulic
head in the plume and the hydraulic head in the pore (interstitial) fluid at the mid-height
of the y-displacement in the grid element in the previous time step. The flow path for
horizontal calculations is assumed to be equal to the injection depth at all points. This
22
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criterion assumes that at a horizontal distance equal to the injection depth away from the
horizontal limit of the air phase, the pore fluid pressure is unaffected by gas injection.
Q Jx, y) = k i A = [kx (x, y)] (calculated (, ) - xhydrostatic (), .). [y - displacement(x, y)]
Injection Depth
Equation 3-7
Qx (x, y) = volume of fluid flow in the x-direction in grid element (x, y)
kx (x, y)= horizontal hydraulic conductivity of specified pore fluid in porous
medium in grid element (x, y)
hcalculated = head in the fluid phase, as calculated in Equation 3-6
hxHydrostatic (X, y) = distance to phreatic surface at mid-height of y-displacement (x,
y, (t-1)
Injection Depth = assumed length of flow path (as discussed above)
y-displacement (x, y) = equivalent to the cross-sectional area (in a two-
dimensional model with a unit depth, this area is reduced to a length)
This volume Qx is converted to a displacement by dividing by the area (in this two-
dimensional system with a unit depth assumed, this calculation reduces to dividing by the
y-displacement) and the porosity of the grid element, as shown in Equation 3-8. This
displacement is added to the x-displacement from the previous time step in order to
determine the total x-displacement in each cell.
x - displacement (x, y, t) = x - displacement(x, y, (t - 1)) + Q. (x, y, )
[y - displacement(x, y,t)]9(x, y)
Equation 3-8
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x-displacement (x, y, t) = x-displacement in the current time step in grid element
(x, y)
x-displacement (x, y, (t-1)) = x-displacement in the previous time step in grid
element (x, y)
Qx(x, y, t) = pore fluid flow in the x-direction in the current time step in grid
element (x, y)
y-displacement (x, y, t) = equivalent to the cross-sectional area (in a two-
dimensional model with a unit depth, this area is reduced to a length)
o (x, y) = porosity of grid element (x, y)
The vertical gradient is calculated using the difference between the hydraulic head
in the fluid adjacent to the plume and the atmospheric pressure at the phreatic surface
(which has already been subtracted from the air pressure in the plume, shown above).
The flow path for vertical calculations is calculated as the distance from the y-
displacement in the grid element from the previous time step to the phreatic surface.
Q ,(x, y)= kiA=[k,(x, y) (hlaculated (x, Y)) [x - displacement(x, y)]
Flowpath,(x, y3)
Equation 3-9
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Qy (x, y)= volume of fluid flow in the y-direction in grid element (x, y)
ky (x, y) = vertical hydraulic conductivity of specified pore fluid in porous
medium in grid element (x, y)
hcalculated = head calculated in fluid phase, as calculated in Equation 3-6
Injection Depth = assumed length of flow path (as discussed above)
x-displacement (x,y) = equivalent to the cross-sectional area (in a two-
dimensional model with a unit depth, this area is reduced to a length)
This volume Qy is converted to a displacement by dividing by the area (in this
system with a unit depth assumed, this calculation reduces to dividing by the x-
displacement) and the porosity of the grid element, as shown in Equation 3-10. This
displacement is added to the y-displacement from the previous time step in order to
determine the total x-displacement in each cell.
y - displacement (x, y, t) = y - displacement(x, y, (t - 1)) + Q (x, y, )[x - displacement(x, yt )]O(x, y)
Equation 3-10
y-displacement (x, y, t) = y-displacement in the current time step in grid ele
(x, y)
y-displacement (x, y, (t-1)) = y-displacement in the previous time step in gri
element (x, y)
Qy(x, y, t) = pore fluid flow in the y-direction in the current time step in grid
element (x, y)
nent
I
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x-displacement (x, y, t) = equivalent to the cross-sectional area (in a two-
dimensional model with a unit depth, this area is reduced to a length)
0 (x, y) = porosity of grid element (x, y)
The volume of the plume as a result of fluid flow due to the original pressure
estimate is then calculated by summing the volumes of flow from each grid element.
This volume is then compared to the volume originally assumed in order to calculate a
pressure using the IGL. If the difference in the volumes is less than a specified allowable
difference, the volume calculated from Darcy's Law is 'correct', and the x- and y-
displacements in each grid element recorded. If the difference between the two volumes
is greater than a specified allowable difference, then the initial volume 'guess' is
modified, as described in Section 3.3.2 below, and the air pressure and Darcy's Law
volume calculations repeated.
3.3.2 Volume Convergence Algorithm
As described above, an initial 'guessed' volume is determined by averaging the
volume from the previous time step and the volume Vguess max calculated above. Once this
initial 'guess' is determined, the volume of fluid flow is calculated using Darcy's Law, as
described Section 3.3.1 above. This volume from the Darcy's Law calculation (Vcaculated)
is compared to the initial volume guess (Vguess). The difference between the Vcalculated and
Vguess is calculated simply by subtracting Vguess from Vcalculated. If the result is positive,
Vcalculated is larger than the Vguess. If this is the case, the pressure is too high and the Vguess
must be increased. If the opposite is true and the result is negative, the pressure is too
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low and Vguess needs to be decreased. In both cases, the sign of the difference between
the Vcalculated and Vguess accounts for whether a decrease or increase in Vguess is necessary.
If Vcalculated is smaller than Vguess max. the initial guess is modified based on the
difference between Vcalculated and Vguess, which is termed E . If the resulting Vcaculated is
larger than Vguess max, modification of Vguess using this definition of F may result in a new
Vguess that is larger than the volume corresponding to hydrostatic pressure at the gas
plume front (the pressure necessary to keep the plume from collapsing). In order to
maintain Vguess max as an upper bound on Vguess as the program iterates and generates new
Vguess's based on the difference between the previous iteration's Vguess and Vcalculated, a
layered construction to generate E is utilized, shown in Equation 3-11 and Equation 3-12
below.
If Vcalculated > Then e =Vguess rx - Vguess
Equation 3-11
If VcaIculated ; V u,, ,x Then e =V calcuated - Vguess
Equation 3-12
Once , is calculated, establishing Vguess's difference from the upper bound Vguess max
or Vcalculated, a new Vguess must be determined. It was initially assumed that adding one-
half of E to the previous Vguess would allow the iterative process to converge on a value of
Vguess within a specified range of the resulting Vcalculated. When this method, shown in
Equation 3-13, was attempted, it was not found to be effective for all specified acceptable
values of E.
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V guess(i = 2)= IVguss (i =1)1+ [
Equation 3-13
While this method was effective for a specified acceptable value of E on the order of
lx10 -3 , it was not effective for all specified limits of E. When it was specified that 6 was
only acceptable if it was a value on the order of 1 x 1- 10, it was observed that the iteration
would proceed without converging on an acceptable value for Vguess. The iteration would
continue oscillating above and below a value of Vguess that would yield a correct Vcalculated.
Once this was observed, it was theorized that a smaller 'step' in modifying Vguess was
necessary in order to avoid the oscillation observed. A modification of E was
incorporated into the initial e calculation, and differed slightly depending on which E
calculation was applicable. If Vcaculated was greater than Vguess max, it was theorized that
the value of Vguess was still far enough from the correct value that the modification to
Vguess could remain at E/2. If Vcalculated was less than or equal to Vguess max, then various
schemes to divisors for E as C was added to Vguess to generate the next Vguess were tried. It
was eventually determined that simply dividing E by 32 resulted in a converging iteration
for all limiting values placed on E.
[Vgs mx- Vguss
If Vcacuated > Vguess mx Then e = 2"g"ess  "
Equation 3-14
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if Valcuated: Vuessrmx~e [calculated - V guess]1If Vcatculated Vguess max Then e = 32"", V,,
32
Equation 3-15
3.3.3 Flow Direction Algorithm
The two most challenging tasks in the development of this computer code were the
generation of an effective algorithm to modify Vguess, and the creation of a set of
statements to determine the flow conditions occurring in each cell. In order to determine
each cell involved in flow at a time step, each grid element had to be examined to
determine if flow in either the negative or positive x-direction was occurring, and to
determine if flow in the positive y-direction was occurring.
In order to determine in which grid elements flow must be computed, it was
necessary to establish when flow from an adjacent grid element was occurring. It was
also desired that an index of these cells involved in flow be established so that once the
entire grid was searched for grid elements involved in flow, it would only be necessary to
consider those grid elements (and ignore all others) when flow and volume calculations
were to be performed.
In order to accomplish these goals, two arrays (data storage structures) were
established. The first array, referred to as condt(n) in the computer program, was
established to store the information about a grid element's flow conditions. The second
array, position(n,u), stored the corresponding x- and y-position of the grid element.
Using this method, every grid element involved in flow was assigned an n, resulting in n
varying from 1 to the number of grid elements involved in flow. For every n, a value of
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condt(n) was established. This value was created using a binary counting method, in
which each flow condition was assigned a unique value listed below:
Table 3-1: Binary Counting Values
Positive x-displacement n = 1
Negative x-displacement n = 2
Positive y-displacement n = 4
Using this counting method, these values can be added together to create unique
combinations; i.e. n = 6 can only represent a cell with flow in the negative x-direction and
positive y-direction occurring.
With this accounting method in place, each grid element is examined. If the grid
element of interest is not full of air in from a previous time step, then the adjacent grid
elements are examined. If an adjacent grid element's x1-displacement is equal to the x-
dimension of that grid element for grid elements to the left, or the adjacent element's x2-
displacement is equal to the x-dimension of the grid element for elements to the left then
an x-displacement must be calculated in the grid element being examined. If the grid
element below the element being examined has a yl-displacement equal to the y-
dimension of the grid element below, then a yl-displacement must be calculated in the
element of interest. This is shown in Figure 3-2 for an example in the x1- and y-
direction. In this figure, the lower left grid element is the element initially full of air in
time step t. The conditions in this grid element in time t are therefore identified as (x, y,
t). The displacements to be calculated are in adjacent grid elements in the next time step
are identified as displacements (x +1, y, t+l) and (x, y+1, t+l) to denote their relative
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position and time to element (x, y) in time t. This convention is maintained throughout
the figures in this section.
Figure 3-2: Displacements to be Calculated Adjacent to Full Cell
When this configuration occurs, the flow condition of grid element (x, y+1, t+1) is
set to condt(n) = condt(n)+ 4 to indicate that flow in the positive y-direction is to be
calculated. The flow condition of grid element (x+1, y, t+1) is set to condt(n) = condt(n)
+1 to indicate that flow in the positive x-direction is to be calculated.
For every grid element in which a flow condition is found to be true and condt(n)
becomes non-zero, the position of that grid element is recorded in the position(n, u) array.
For each n, position(n,1) is set equal to the x-coordinate of the grid element, and
position(n,2) is set equal to the y-coordinate of the grid element.
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y-displacenent (x,y+1, t+1)
Full Cell at
time t
y-displacement (x,y, t) = y-dmension(x,y)
+x-dsplacement(x+1,y,t+1j)
-- x-dsplacement(x,y,t) = x-dmension(x,y)-P
Once these three arrays have been determined for all n, only the list of n values
must be stepped through when flow calculations are performed. In order to accomplish
the correct flow calculation, the final condt(n) value for each n must be 'deconstructed' in
reverse order of the creation of the value. In this binary counting system, each flow
condition value is tested from largest to smallest, and each true condition is subtracted
from the value after each true step. This is shown in statement form in Equation 3-16.
If condt(n) 4 Then
Positive y - flow is occurring
condt(n) = [condt(n) - 4]
If condt(n) 2 Then
Negative x - flow is occurring
condt(n) = [condt(n) -2]
If condt(n) !1 Then
Positive x - flow is occurring
condt(n) = [condt(n) 
- 1]
Equation 3-16
Once a flow condition in a given grid element is found to be true, the
corresponding flow calculation is conducted in that grid element, as discussed above in
Section 3.3.1. For example, if for time t the condt(n) = 1 is found to be true for a grid
element (x, y), an x-displacement in the positive direction (xl-displacement) is
determined for grid element (x, y). Once this x-displacement is calculated, grid element
(x, y)'s contribution to the calculated volume of the plume (Vcaic) is determined by
multiplying the x1-displacement of (x, y, t+1) and the yl-displacement of (x-1, y, t).
These displacements can be seen below in Figure 3-3.
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y-displacement (x+1 ,y, t)
- x-displacement(x,y,t)--
- x-displacement(x+1,y,t) = x-dimension(x+1,y)
Figure 3-3: Displacements Used to Calculate Vcalete Contribution of (x +1, y, t)
In subsequent time steps, the new y-displacement is multiplied by the difference between
the x-displacement in the current time step (time = t + 1) and the x-displacement in the
previous time step (time = t). This product is then added to the Vcalculated for (x, y, t).
When this sum is equal to (or greater than) the volume of the grid element, the grid
element is determined to be full, and all displacements are set equal to the grid
dimensions.
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4a x-displacement(x,y,t+1)
y-displacement (x,y, 1+1)
+-x-displacement(x,y,t)a
x-displacement(x,y,t+1) = x-dimension(x,y*e
Figure 3-4: Displacements Used to Calculate VcalcuIated Contribution of (x +1, y, t+1)
This procedure is used for all grid elements found to have only x-displacement in either
direction, or only y-displacement.
When a flow condition of 5, 6, or 7 is found, indicating that combination of x- and
y-displacements are to be calculated in a given grid element, 'cross-flow' is occurring.
Because the grid element is experiencing flow from two or three directions in the same
time step, the volume into which gas from both directions is flowing must be accounted
for. The overall calculation is conducted as above, in each individual direction as
required, and then the product of the two differential displacements is then subtracted
from the Vcalculated (x, y, t) in each time step. It was originally believed that this
subtraction was essential to produce accurate results. In order to investigate this, this
subtracted volume was multiplied by factors between 0 and 1.25. No difference in the
overall plume shape was observed, and only slight changes in the displacements and
resulting volumes at the edge of the plume resulted. A factor of 1 was used in the final
program.
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The numerical results of three time steps of simulation using these procedures are
presented below. Figure 3-5 shows the configuration of the grid used in the calculation
of the time steps discussed below. This graphic is reproduced to scale; later figures are
distorted to allow displacement values to be legible in grid elements. This grid simulates
a 4 m tall and 4 m wide field of a saturated porous medium with a depth of 1 m. Interior
grid elements are 0.1 m tall and 0.1 m wide. The top row of elements is 2 m tall, and the
first and last column is 1 m wide, as depicted in Figure 3-5. The grid element containing
an 'X', grid element (9, 0), is the injection cell in all simulations, and is full of air at
beginning of each simulation (time = 0).
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Figure 3-5: Grid Layout Used
The full cells (displayed as grey cells, having a value of 1) and the volume in each grid
element are shown in Figure 3-6.
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Figure 3-6: Cells Full and Cell Volumes for Time = 1
In this time step, only the injection cell is full of air because it began the simulation
full of air. The grid elements to the left and the right (elements (8, 0) and (10, 0) of the
injection cell have begun horizontal flow, and the grid element above the injection cell
(element (9, 1)) has begun vertical flow. The volume in elements (8, 0) and (10, 0) is
identical, as the x-displacements are identical (as discussed below), and both volumes are
calculated using the y-displacement of the injection cell at this time step.
The x-displacement values for each grid element are shown below in Figure 3-7,
and the y-displacements are shown in Figure 3-8. Because this is the first time step (time
=1), the grid elements on the left and right of the injection cell (elements (8, 0) and (10,
0)) have displacements only in the x-direction, and the cell above the injection cell (9, 1)
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has only a y-displacement.
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Figure 3-7: x-Displacements for Time = 1
The x-displacements in both grid elements are identical, being controlled by the same
difference between the equivalent head in the plume and the head at the midheight of the
grid element, and a flow path length that is always equal to the injection depth for
horizontal flow. X-displacements in the negative and positive direction are typically
symmetrical in all simulations for a given time and depth, but some small differences
have been observed when the plume approaches breakthrough. These differences are
believed to be the effect of round-off after multiplication of displacements through many
time steps, and seem to occur most often in grid elements involved in cross-flow,
demanding more multiplication of dimensions.
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Figure 3-8: y-Displacements for Time = 1
In time step 1, as stated above, only grid element (9, 1)is involved in vertical
flow, and is therefore the only grid element with a y-displacement calculated. This value
is slightly higher than the x-displacements calculated (0.08 14 m vs. 0.7803 in). This
larger displacement illustrates the difference in the gradient calculation in the x- and y-
directions. While both directions utilize an equal equivalent head in the plume, the flow
path length immediately begins to decrease from the injection depth in the y-direction,
while the flow path in the x-direction is fixed equal to the injection depth. This decrease
in flow path results in an increase in the gradient, and a resulting increase in the volume
of fluid flow and associated displacement.
The full cells (displayed as grey cells, having a value of 1) and the partial volumes
in each grid element in time step 2 (time =2) are shown in Figure 3-9 below.
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Figure 3-9: Cells Full and Cell Volumes for Time = 2
In time step 2, the 3 grid elements orthogonal to the injection cell have been filled.
Because of the x-displacements in grid elements (8, 0) and (10, 0) and the y-displacement
in element (9, 1) in time step 1, 'cross-flow', as described above, has been initiated into
grid elements (8, 1) and (10, 1) during time step 2. The volume of air in these grid
elements has been determined by multiplying the displacement calculated for the grid
element by the corresponding displacement from the adjacent grid element, and
subtracting the overlapping volume, as described above.
The x-displacements in time step 2 (time = 2) are shown in Figure 3-10. The
corresponding y-displacements are shown in Figure 3-11 below.
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Figure 3-10: x-Displacements for Time = 2
The x-displacements are again symmetrical in the negative and positive x-directions for
corresponding elements, as expected. 'Cross-flow' has continued into grid elements (8,
1) and (10, 1), and the necessary x-displacements have been calculated, and a
corresponding volume determined. An x-displacement has been shown in grid elements
(7, 0) and (11, 0) without a corresponding volume because these grid elements have been
assigned this displacement from grid elements (8, 0) and (10, 0), respectively. As grid
elements (8, 0) and (10, 0) fill with air as the x-displacements increase, the x-
displacement increases beyond the x-dimension of the grid element. When this occurs,
the x-displacement of (8, 0) and (10, 0) is maintained as the calculated dimension, and at
the end of the time step the excess displacement is assigned to the adjacent grid element.
41
0 0 0 0 0 0 0 0 0i 000 000 W . 0
0 ioo0 0 00 0 0 0 0 0 1010;01010 0.0 0
0 0 00 0 0 0
OOOOOO _ _ __ 0 00 00 000 _
W0O Do :6 0 0 0: .0 :0I 0
:  0: 00 0 0 0 0
0 ~ F "'" b b 0 0 0
0 400 0 o 01010 0 0 0 001 0
0 00 00 0 0!0 0 0 0 0 0 0 00 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 _ 000 0 0 0.0 0 0 0 0 0 10 10 A 0 00 .01 0 : 1 0359 0 0 0 & W0 0 0 0i0 00 i0io00 0046837i1 0M2.6 0 0 0 . 0 00
;00! 0:00 01 O 01 01 0 0 10 0
Figure 3-11: y-Displacements for Time = 2
As he lap d imeinceassthe rate of change of displacement in the y-direction,
or air front velocity, will begin to increase relative to the rate of change of displacement
in the x-direction, as seen above. This seen in Figure 3-11, as the total y-displacement
has increased more than the total x-displacement, as compared to the ratio of these
displacements in time step 1. Y-displacements in corresponding elements (i.e. elements
(8, 1) and (10, 1) are identical, as they involve identical gradient calculations and x-
displacements. 'Cross-flow' has continued into grid elements (8, 1) and (10, 1), as
described above, and a corresponding volume determined. The y-displacement shown in
grid element (9, 2) without a corresponding volume occurs because this grid elements has
been assigned this displacement from grid element (9, 1) as the y-displacement in (9, 1)
exceeded the y-dimension of the grid element. This displacement is retained until
volume calculations are complete, and then assigned to the adjacent grid element, as
described above.
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The full cells (displayed as grey cells, having a value of 1) and the partial volumes
in each grid element in time step 3 (time = 3) are shown in Figure 3-12 below.
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Figure 3-12: Cells Full and Cell Volumes for Time =3
In Figure 3-12, it is observed that the first two grid elements involved in 'cross-flow',
elements (8, 0) and (10, 0) are now full of air. 'Cross-flow' has begun into grid elements
(8, 2) and (10, 2), and flow is occurring in each grid element surrounding the full grid
elements. The partial volumes on both sides of the full grid elements, elements (7, 0) and
11,0) and (7, 1) and (11, 1) are identical, indicating that the x-displacements on both sides
of the plume are identical. The partial volumes in the two new 'cross-flow' elements (8,
2) and (10, 2) are also identical, as relatively few 'cross-flow' calculations have been
completed and round-off error is not yet a consideration.
3.4 Results
All simulations discussed in this section were conducted with a porosity of 0.3, a
D:0 size of lx10- m, and an intrinsic permeability of 2.8 xl0 m2, with a resulting
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hydraulic conductivity of 2.75 x 10- m sec' in the vertical and horizontal directions in all
cells. These properties were kept constant throughout all simulations in order to be better
able to examine the effect of flow rate on plume shape. The grid configuration used was
identical to that described in Section 3.3.3, with an overall height and width of 4 m (and
an assumed unit depth of 1 m.) The grid elements in the interior of the grid were 0.1 m
tall and 0.1 m wide. The columns at each side were 1 m wide, and the top row of
elements was 2 m high. All plumes are graphed using values of '1' to indicate grid
elements full of air (and shaded grey), and a values '0' to indicate grid elements that are
not full of air. Grid elements adjacent to full grid elements typically contain a volume of
air partially filling the grid element, as described in Section 3.3.3 above.
3.4.1 Low Flow Rate Injection
When an air-injection flow rate of q = 9 x 10-4 m sec- is specified, a very narrow
plume results. Flow rates lower than this flow rate also produced plumes that, at
breakthrough, had the same configuration of full cells, with smaller x-displacements in
the grid elements on each side of the full grid elements in row 9 above the injection cell.
Breakthrough at this flow rate occurs at 150 seconds. The configuration of this plume at
breakthrough can be seen in Figure 3-13.
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Figure 3-13: Plume at Breakthrough for q = 0.0009 m 3 sec'
Only grid elements directly above the initial injection cell became full of air in this
simulation. There were x-displacements in the grid elements to the left and the right of
the column full of air, with an associated partial volume in those grid elements (but only
full elements are noted in Figure 3-13). It should also be noted that the computer
program determines breakthrough as occurring when the y-displacement of the grid
element at the phreatic surface is greater than 90 % of the y-dimension of that grid
element. (This avoids instability as the plume would break through the phreatic surface
in the next few time steps, and the computer code would attempt to calculate a flow path
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length to the phreatic surface when it would be negative.) This grid element has had a
value of '1' manually entered for the purpose of these graphic representations.
3.4.2 Medium Flow Rate Injection
When a flow rate of q = 9 x 10 -3 m sec 1 is specified, a wider plume results.
Breakthrough occurs at 87 seconds. The configuration of this plume at times 10, 25, and
50 seconds and at breakthrough at t = 61 seconds can be seen in Figure 3-14 and Figure
3-15. This plume had a maximum width (as determined by the sum of the x-dimensions
of the full grid dimensions) of 0.5 m. This represented a 400 percent increase in
maximum plume width from the low flow rate condition (q = 0.0009 m3 sec-1) with a 900
percent increase in flow rate.
Figure 3-14: q = 0.009 m3 sec4,Time =15 seconds and 30 seconds
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As only full cells are shown in this representation, the shape near the phreatic
surface of this plume is not represented perfectly, as there is some volume of gas in the
grid elements to the left and right of the grid element that breaks through to the phreatic
surface. Also, it appears in all four time steps shown that a contraction in the plume
width has occurred in rows 7 through 10. The partial volumes at breakthrough in this
region vary between 68 and 95 %, so the plume has not contracted as sharply as
suggested by the full cells above.
3.4.3 High Flow Rate Injection
When a high flow rate of q = 9 x 10 - m sec-' is specified, a very wide plume
results. Breakthrough occurs at 66 seconds. The configuration of this plume at times t
=15, t = 30, t = 45 and at breakthrough at t = 54 seconds can be seen in Figure 3-16 and
Figure 3-17 below. It is important to note that no attempt was made to guard against
hydraulic fracturing, which would occur in the range of air pressures associated with this
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Figure 3-15: q 0.009 m3 sec-1, Time 45 and 60 seconds
flow rate. This plume had a maximum width (as determined by the sum of the x-
dimensions of the full grid dimensions) of 0.7 m. This represented a 40 percent increase
over the width of the medium flow rate condition (q 0.009 m 3 sec-1) with a 50 percent
increase in flow rate.
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Figure 3-16: q 0.0135 m 3 sec-1, Time = 15 and 30 seconds
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Figure 3-17: q = 0.0135 m 3 sec'i , Time = 45 and 54 seconds
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As only full cells are shown in this representation, the shape near the phreatic
surface of this plume is also not represented perfectly, as there is some volume of gas in
the grid elements to the left and right of the grid element that breaks through to the
phreatic surface. Also, the grid element shown full to the phreatic surface was only 90 %
full when the simulation was ended, and the value of this element was manually set to
'1', as discussed above.
In an effort to examine the mechanisms that produce plume shapes very different
from the parabolic or inverted triangular shape expected, the pressure in the plume was
examined at each time step. This pressure was then plotted against the distance from the
top of the plume front to the phreatic surface, and is shown in Figure 3-18. Included in
this figure is a line representing the hydrostatic pressure (including capillary pressure) at
the top of the plume. The gradient is driven by the differential pressure. As the in the
flow rate is increased, this difference increases. At the slowest air injection rate the air
pressure is marginally about the value required to cause flow. This is then the lowest
practical flow rate for simulation. The 'saw-tooth' variations in pressure observed are
caused by the approximate incremental nature of the calculations. For a slow air
injection rate this is most pronounced because of the small displacements in each time
step. The flow estimate 'stops' each time a boundary is crossed. As the air injection rate
is increased, the initial plume pressure becomes very high, and decreases very rapidly as
the plume expands and the plume volume increases. This is the cause of the large lateral
spreading at the start of simulations with a high air injection rate, and explains the
exponential decay in pressure. These observations are discussed further in Section 4
below.
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4 Conclusions
The computer program developed during the course of this research simulates the
shape of a gas plume in two dimensions as gas is injected into a saturated porous
medium. Gas injection is modeled as a constant volumetric flow rate into a grid of
rectangular elements of the porous medium. The physical properties of any gas and fluid
can be entered into the model in order to simulate any combination of fluids, and the
properties of the porous media, including porosity and vertical and hydraulic conductivity
can be specified for each grid element. The model uses an iteration between the pressure
determined by the IGL and the flow determined by Darcy's Law in order to establish a
'correct' volume (and corresponding x- and y-positions) for the plume at each elapsed
time. The overall process of the computer program is show in Figure 4-1.
The program yields a series of files providing details of the plume expansion. This
includes the plume pressure, and zones of complete air saturation and displacements and
percent full profiles of air in all cells around the plume interface.
The results show that the plume geometry is dependent on the injection rate. At
low rates the pressure is just above the entry value and plumes grow slowly upward with
minor lateral expansion. In contrast, high injection rates result in large air pressure at
early times and the plume expands spherically in all directions. Later, with expansion,
the pressure drops and the plume moves primarily in the vertical direction.
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Figure 4-1: Flowchart of Entire Calculation Process
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The model developed produced somewhat different geometry plumes from the axi-
symmetric model. The plumes were expected to be roughly parabolic, or to extend up
from the injection point at an approximately a 450 angle at high air injection flow rates. In
comparing how flow rates were specified in the previous model and the one developed in
this research, an important difference emerged. The model developed specifies a
constant air flow injection rate, ignoring hydraulic fracturing. In the previous research,
the pressure was controlled in order to- prevent hydraulic fracturing, and only a maximum
flow rate was specified. The flow rate was initially very low (as a high air injection rate
into a small total plume volume would quickly develop excess pressure and induce
hydraulic fracturing), and as the front moved towards the phreatic surface and the total
volume of the plume grew larger, the flow rate was incrementally increased, to the
maximum flow rate specified.
This difference in air flow injection rate conditions appears to correspond to the
trend depicted in Figure 3-18 above. The data in Figure 3-18 indicates that as the plumes
presented in Section 3.4 advanced towards the phreatic surface (and the total plume
volume increases), the pressure in the plume decreased sharply. If the air injection flow
rate was increased to induce higher pressures as the plume grew (and approaches the
phreatic surface), it appears that the plume is likely to continue to propagate laterally.
This should result in plumes resembling the parabolic shapes expected. An
approximation of this was attempted using an algorithm to multiply the flow rate by a
factor of 3 for each 1 m of vertical displacement. (This approximation ignored any
hydraulic fracturing criteria and was intended only to demonstrate possible plume
geometry.) This approximation did result in a roughly parabolic plume, which was the
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shape originally expected from the axi-symmetric model, as lateral propagation continued
as the front approached the phreatic surface
Modifying the air flow injection rate criteria in order to allow for flow rate
increases while avoiding hydraulic fracturing is the first area of further research to be
explored in order to extend this model. Once this criterion is established, plume
geometries can be observed and visually compared to the previous model results, but it
will be difficult to calibrate this model until it is extended to three dimensions. The
coordinate system and flow conditions used in this model were intended to allow for this
development. The conventions used for x-displacement throughout the computer code
can be extended to an 'x3' and 'x4' case in order to represent displacement along a third
axis, or a third variable for displacement can be introduced. The binary counting used to
sum flow conditions can also be extended for two directions along the third axis.
Once a three-dimensional simulation has been developed, the calibration of this
model can be conducted using the experimental data from the research used to develop
the axi-symmetric model (Marulanda, 2001), followed by calibration with field data.
However, it should be noted that calibration with field data may prove problematic.
While pilot studies do exist that provide a great deal of data, including the study
contained in Appendix B, with groundwater level measurements, dissolved oxygen, and
differences in contaminant concentrations before and after sparging, no reliable
correlations appear to be able to be drawn from this data to the zone of influence of a
sparge point. Thus, further research in this area will also be needed to determine how the
zone of influence at field sites can be observed and calculated for comparison to the
results of a three-dimensional air-flow model.
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Appendix A: Visual Basic Code
Option Explicit
Rem Declare Pore Fluid Variables
Public PoreFluidViscosity
Public PoreFluidDensity
Public SurfaceTension
Rem Declare Injection Gas Variables
Public InjectionGasDensity
Public InjectionGasViscosity
Rem Declare Soil Variables
Public Permeability
Public Porosity
Public SpecificGravity
Rem Declare Operational Parameters
Public q
Const tmin = 1
Const tmax = 1
Const Timemin = 1
Const Timemax = 250
Const Vincrease = 1
Const VguessFactor = 1.01
Const BreakthroughFactor = 0.9
Const CrossFlowFactor = 1
Const xmin =0
Const xmax = 19
Const ymin =0
Const ymax =20
Const xlnj =9
Const yInj =0
Const nmin = 1
Const nmax = (xmax * ymax)
Const Repcountmin = 0
Const Repcountmax = 1
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Const FlowRate = 0.009
Const TimeStep = 1 'second
Const EpsilonBound = 0.0000000001
Dim MaxRepcount((tmin - 1) To tmax)
Dim IterationCounter(tmin To tmax) As Integer
Dim MolesAirln(Timemin To Timemax) As Double
Dim Vguess((tmin - 1) To tmax, Repcountmin To Repcountmax) As Double
Dim CheckPressure(tmin To tmax, Repcountmin To Repcountmax) As Double
Dim Pcalc((tmin - 1) To tmax, Repcountmin To Repcountmax) As Double
Dim HeadCalc((tmin - 1) To tmax, Repcountmin To Repcountmax) As Double
Dim VguessMax((tmin - 1) To tmax) As Double
Dim VguessMin((tmin - 1) To tmax) As Double
Dim PentryReq As Double
Dim injDepth, Flowpathmin
Dim tbreak, dV
Dim Heady((tmin - 1) To tmax, Repcountmin To Repcountmax) As Double
Dim Gradientx((tmin - 1) To tmax, Repcountmin To Repcountmax, xmin To xmax, ymin To
ymax) As Double
Dim Gradienty((tmin - 1) To tmax, Repcountmin To Repcountmax, xmin To xmax, ymin To
ymax) As Double
Dim Vcalc((tmin - 1) To tmax, Repcountmin To Repcountmax) As Double
Dim Vcell(xmin To xmax, ymin To ymax) As Double
Dim Epsilon((tmin - 1) To tmax, Repcountmin To Repcountmax) As Double
Dim CellsFull((tmin - 1) To tmax, Repcountmin To Repcountmax, xmin To xmax, ymin To
ymax)
Dim Repcount((tmin - 1) To tmax, Repcountmin To Repcountmax)
Dim xldisp((tmin - 1) To tmax, Repcountmin To Repcountmax, xmin To xmax, ymin To ymax),
x2disp((tmin - 1) To tmax, Repcountmin To Repcountmax, xmin To xmax, ymin To ymax)
Dim yldisp((tmin - 1) To tmax, Repcountmin To Repcountmax, xmin To xmax, ymin To ymax),
y2disp((tmin - 1) To tmax, Repcountmin To Repcountmax, xmin To xmax, ymin To ymax)
Dim MaximumRepcount((tmin - 1) To tmax) As Double
Private Sub Command 1Clicko
Label 1 .Caption = PoreFluidViscosity
59
'M^ 3/sec
Dim Prompt 1
Prompt 1 = "Please enter the pore fluid viscosity in kg/m-sec."
PoreFluidViscosity = InputBox(Promptl)
End Sub
Private Sub Command 1 Click()
Dim Prompt 1
Prompt 11 = "Please enter the D10 size in m."
D10 = InputBox$(Prompt11)
Labell 1.Caption = D10
End Sub
Private Sub Commandl2_Click()
PoreFluidViscosity = 0.01785
Label 1.Caption = PoreFluidViscosity
PoreFluidDensity = 1000 'kg/m^3
Label3.Caption = PoreFluidDensity
SurfaceTension = 0.03 'N/m
Label4.Caption = SurfaceTension
End Sub
Private Sub Command13_Click()
InjectionGasViscosity = 0.0000181 'kg/m-sec
Label5.Caption = InjectionGasViscosity
InjectionGasDensity = 1.2 'kg/m^\3
Label6.Caption = InjectionGasDensity
End Sub
Private Sub Command14_Click()
Permeability = 0.000000015
Label8.Caption = Permeability
Porosity = 0.3
Label9.Caption = Porosity
SpecificGravity = 2.7
LabellO.Caption = SpecificGravity
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D10 = 0.001
Labell l.Caption = D10
End Sub
Private Sub CommandI5_Click()
Rem PORE FLUID PROPERTIES
'Density of water at 25 degrees C - 0.99705 g/mL = 997 kg/mA3
Dim rhoWater As Double 'Density of water
rhoWater = 1000 'kg/m^3
Dim rhoAir As Double 'Density of air
rhoAir = 1.2 'kg/m^3
Dim deltaRho As Double 'Difference in density between water and air
deltaRho = rhoWater - rhoAir 'kg/m^3
Dim muWater As Double 'Viscosity of water
muWater = 0.01785 'kg/m.sec
Dim muAir As Double 'Viscosity of air
muAir = 0.0000181 'kg/m.sec
Dim surfTens As Double 'Surface Tension
surfTens = 0.03 'N/m
Rem Complete Input Variables Necessary
Rem Initial Required Calculations
'Gravitational Acceleration
Dim gravitational multiple As Double
gravitational-multiple = 1
q = (FlowRate * rhoAir / 0.029) 'mol/sec
Rem AIR CONSTANTS
Dim Patm As Double
Patm = 101300 'N/m^2 - Standard atmospheric pressure
Dim Pcap As Double
Pcap = ((4 * surfTens) / D10) 'N/m^2
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Dim gravity As Double 'Gravitational multiplier
gravity = (gravitational-multiple * 9.81) 'm/secA2
Dim gasConstant As Double 'Gas Constant
gasConstant = 8.314 'J/K-mol - Universal Gas Const. at SAT
Dim Temp As Double 'Temperature in Kelvin
Temp = 288 'deg K (degC + 273 = degK)
Dim bulkModulus As Double
bulkModulus = 42000 'kg/m.secA2 B - Bulk modulus of air
Dim molWeightAir As Double
molWeightAir = 0.0288 'kg/mol
Open "C:\datarun.txt" For Output As #300
Dim hydCondl As Double, hydCond(xmin To xmax, ymin To ymax) As Double
hydCond 1 = ((Permeability * rhoWater * gravity) / (Porosity * muWater))
Dim g, h
For g = xmin To xmax
For h = ymin To ymax
hydCond(g, h) = hydCondl
Next h
Next g
Rem End Additional Constants Input--------------------------------------
Rem Grid Set-Up --------------------------------------------
Dim GridDimx, GridDimy
GridDimx = 0.1 'm
GridDimy = 0.1 'm
Dim xdim(xmin To xmax, ymin To ymax), ydim(xmin To xmax, ymin To ymax)
g=0
h =0
For g = xmin To xmax
For h = ymin To ymax
xdim(g, h) = GridDimx
ydim(g, h) = GridDimy
Next h
Next g
'Dimension top row of cells as y = 2 m
For g = xmin To xmax
ydim(g, ymax) = 2 'm
Next g
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'Dimension side cells as x = 1 m
For g = ymin To ymax
xdim(xmin, g)= 1 'm
xdim(xmax, g)= 1 'm
Next g
For g = xmin To xmax
For h = ymin To ymax
xldisp((tmin - 1), 1, g, h)= 0
x2disp((tmin - 1), 1, g, h)= 0
yldisp((tmin - 1), 1, g, h) = 0
y2disp((tmin - 1), 1, g, h)= 0
Next h
Next g
'MaxRepcount(tmin - 1) = 1
xldisp(tmin, 1, xInj, yInj) = xdim(xlnj, yInj)
x2disp(tmin, 1, xInj, yInj) = xdim(xlnj, yInj)
yldisp(tmin, 1, xInj, yInj) = ydim(xlnj, yInj)
y2disp(tmin, 1, xInj, yInj) = ydim(xlnj, yInj)
CellsFull(1, 1, xInj, yInj) = 1
Dim Repcount
'P-ENTRY -------------------------------------------------------------
'Determine Pentry necessary for air to begin displacing pore fluid
'Depth at which Vinitial is defined
Dim Vinitial As Double
Vinitial = (xdim(xlnj, yInj) * ydim(xlnj, yInj) * Porosity) 'Volume of element initially full of
air
Dim CurrentTime As Double
Dim Time As Double
Time = 0
g = 0
injDepth = 0
For g = ymin To ymax
injDepth = (injDepth + (ydim(xlnj, g))) 'm
Next g
injDepth = injDepth - (ydim(xlnj, yInj) /2)
Flowpathmin = injDepth
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PentryReq = ((injDepth * rhoWater * gravity) + Patm + Pcap)
'From Pentry, calculated number of moles required
Dim Ninitial As Double
Ninitial = ((PentryReq * Vinitial) / (gasConstant * Temp)) 'mol
Rem Time Step Determination
CurrentTime = 1
Time = 1
'Set iteration counter
'N/mA2
Repcount = 1
MaxRepcount(O) = 1
MaxRepcount(l) = 1
MolesAirln(Time) = (Ninitial + (Time * q))
Rem Estimate Vguess from 1/2(Vguessmax + Vguessmin)
VguessMax(CurrentTime) = ((MolesAirln(Time) * gasConstant * Temp) / PentryReq) *
VguessFactor
VguessMin(CurrentTime)= (Vinitial)
Vguess(CurrentTime, Repcount) = ((VguessMax(CurrentTime) + VguessMin(CurrentTime)) /2)
'mA2
'Ideal gas calculation
IterationCounter(tmin) = 1
20
Pcalc(CurrentTime, Repcount) = ((MolesAirln(Time) * gasConstant * Temp) /
Vguess(CurrentTime, Repcount))
HeadCalc(CurrentTime, Repcount) = ((Pcalc(CurrentTime, Repcount) - Patm - Pcap) / (rhoWater
* gravity))
CheckPressure(CurrentTime, Repcount) = (Pcalc(CurrentTime, Repcount) - PentryReq)
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'Any full cells at end of previous time step are transferred to array in this timestep and iteration
g=0
h=0
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For g = xmin To xmax
For h = ymin To ymax
If CellsFull((CurrentTime - 1), MaxRepcount(CurrentTime - 1), g, h) <> CellsFull(CurrentTime,
Repcount, g, h) Then
CellsFull((CurrentTime - 1), MaxRepcount(CurrentTime - 1), g, h) = CellsFull(CurrentTime,
Repcount, g, h)
xldisp(CurrentTime, Repcount, g, h) = xdim(g, h)
yldisp(CurrentTime, Repcount, g, h) = ydim(g, h)
x2disp(CurrentTime, Repcount, g, h) = xdim(g, h)
y2disp(CurrentTime, Repcount, g, h) = ydim(g, h)
xldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), g, h) = xdim(g, h)
yldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), g, h) = ydim(g, h)
x2disp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), g, h) = xdim(g, h)
y2disp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), g, h) = ydim(g, h)
110 If g = xmin Then GoTo 120
yldisp(CurrentTime, Repcount, (g - 1), h) = yldisp(CurrentTime, Repcount, g, h)
y2disp(CurrentTime, Repcount, (g - 1), h) = y2disp(CurrentTime, Repcount, g, h)
120 If h = ymin Then GoTo 130
xldisp(CurrentTime, Repcount, g, (h - 1)) = xldisp(CurrentTime, Repcount, g, h)
x2disp(CurrentTime, Repcount, g, (h - 1)) = x2disp(CurrentTime, Repcount, g, h)
130 If g = xmax Then GoTo 140
yldisp(CurrentTime, Repcount, (g + 1), h) = yldisp(CurrentTime, Repcount, g, h)
y2disp(CurrentTime, Repcount, (g + 1), h) = y2disp(CurrentTime, Repcount, g, h)
140 If h = ymax Then GoTo 150
xldisp(CurrentTime, Repcount, g, (h + 1)) = xldisp(CurrentTime, Repcount, g, h)
x2disp(CurrentTime, Repcount, g, (h + 1)) = x2disp(CurrentTime, Repcount, g, h)
150
End If
Next h
Next g
'Begin flow condition statements
Dim n, condt(nmin To nmax), position(nmin To nmax, 1 To 2)
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n = 1
condt(n) = 0
Dim x, y
For x = xmin To xmax
For y = ymin To ymax
If CellsFull(CurrentTime, Repcount, x, y) = 1 Then GoTo 500
100 'positive x - flow
If xldisp(CurrentTime - 1, MaxRepcount(CurrentTime - 1), x, y) = xdim(x, y) Then GoTo 200
If xldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), x, y) > 0 And yldisp(CurrentTime
- 1, MaxRepcount(CurrentTime - 1), x, y) > 0 Then
condt(n) = (condt(n) + 1)
GoTo 200
End If
If x = xmin Then GoTo 200
If y = ymin And yldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), (x - 1), y) = ydim((x
- 1), y) Then
condt(n) = (condt(n) + 1)
GoTo 200
End If
If y = ymin Then GoTo 200
If x2disp(CurrentTime - 1, MaxRepcount(CurrentTime - 1), (x - 1), (y - 1)) > 0 And
yldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), (x - 1), y) > 0 Then
condt(n) = (condt(n) + 1)
End If
200 'negative x - flow
If x2disp(CurrentTime - 1, MaxRepcount(CurrentTime - 1), x, y) = xdim(x, y) Then GoTo 300
If x2disp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), x, y) > 0 And yldisp(CurrentTime
- 1, MaxRepcount(CurrentTime - 1), x, y) > 0 And x2disp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), x, y) < xdim(x, y) And yldisp(CurrentTime - 1,
MaxRepcount(CurrentTime - 1), x, y) < ydim(x, y) Then
condt(n) = (condt(n) + 2)
GoTo 300
End If
If x = xmax Then GoTo 300
If y = ymin And yldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), (x + 1), y) = ydim((x
+ 1), y) Then
condt(n) = (condt(n) + 2)
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GoTo 300
End If
If y = ymin Then GoTo 300
If xldisp(CurrentTime - 1, MaxRepcount(CurrentTime - 1), (x + 1), (y - 1)) > 0 And
yldisp(CurrentTime - 1, MaxRepcount(CurrentTime - 1), (x + 1), y) > 0 Then
condt(n) = (condt(n) + 2)
End If
300 'positive y - flow
If y = ymin Then GoTo 400
If yldisp(CurrentTime - 1, MaxRepcount(CurrentTime - 1), x, y) = ydim(x, y) Then GoTo 400
If yldisp(CurrentTime - 1, MaxRepcount(CurrentTime - 1), x, y) > 0 Then
condt(n) = (condt(n) + 4)
GoTo 400
End If
If x = xmin Then GoTo 400
If yldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), x, (y - 1)) = ydim(x, (y - 1)) Then
condt(n) = (condt(n) + 4)
GoTo 400
End If
If yldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), (x - 1), (y - 1)) = ydim((x - 1), (y -
1)) And xldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), x, (y - 1)) > 0 Then
condt(n) = (condt(n) + 4)
GoTo 400
End If
If x = xmax Then GoTo 400
If yldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), (x + 1), (y - 1)) = ydim((x + 1), (y -
1)) And x2disp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), x, (y - 1)) > 0 Then
condt(n) = (condt(n) + 4)
GoTo 400
End If
400 'negative y - flow
If y = ymax Then GoTo 500
If y2disp(CurrentTime - 1, MaxRepcount(CurrentTime - 1), x, y) = ydim(x, y) Then GoTo 500
If y2disp(CurrentTime - 1, MaxRepcount(CurrentTime - 1), x, y) > 0 And xldisp(CurrentTime -
1, MaxRepcount(CurrentTime - 1), x, y) > 0 And y2disp(CurrentTime - 1,
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MaxRepcount(CurrentTime - 1), x, y) < xdim(x, y) And xldisp(CurrentTime - 1,
MaxRepcount(CurrentTime - 1), x, y) < xdim(x, y) Then
condt(n) = (condt(n) + 8)
GoTo 500
End If
If y2disp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), x, (y + 1)) = ydim(x, (y + 1)) And
xldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), x, (y + 1)) Or x2disp((CurrentTime -
1), MaxRepcount(CurrentTime - 1), x, (y + 1)) Then
condt(n) = (condt(n) + 8)
GoTo 500
End If
If yldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), x, (y + 1)) = ydim(x, (y + 1)) And
xldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), x, (y + 1)) Or x2disp((CurrentTime -
1), MaxRepcount(CurrentTime - 1), x, (y + 1)) Then
condt(n) = (condt(n) + 8)
GoTo500
End If
500
If condt(n) > 0 Then
position(n, 1) = x
position(n, 2) = y
n = (n + 1)
condt(n)= 0
End If
Next y
Next x
'Set n = temporary nmax in order to cap later calculations for appropriate number of n
Dim nlimit As Integer
nlimit =(n - 1)
550 'Iteration Loop Target
Dim Headx(xmin To xmax, ymin To ymax) As Double, Heady(xmin To xmax, ymin To ymax)
As Double
For n = nmin To nlimit
x = (position(n, 1))
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y = (position(n, 2))
Dim HoldCondt As Integer
HoldCondt = condt(n)
If (condt(n) - 8) >= 0 Then 'negative y -flow is occurring
Dim Flowpathy(xmin To xmax, ymin To ymax) As Double
Flowpathy(x, y)= 0
For g = y To ymax
Flowpathy(x, y) = Flowpathy(x, y) + ydim(x, g)
Next g
Flowpathy(x, y) = Flowpathy(x, y) + y2disp((CurrentTime - 1), MaxRepcount(CurrentTime - 1),
x, y)
Gradienty(CurrentTime, Repcount, x, y) = ((HeadCalc(CurrentTime, Repcount) - Flowpathy(x,
y)) / Flowpathy(x, y))
y2disp(CurrentTime, Repcount, x, y) = yldisp((CurrentTime - 1), MaxRepcount(CurrentTime
- 1), x, y) + ((hydCond(x, y) * Gradienty(CurrentTime, Repcount, x, y) / Porosity))
'Check to prevent negative change in displacement (plume contraction)
If y2disp(CurrentTime, Repcount, x, y) < yldisp((CurrentTime - 1), 1, x, y) Then
y2disp(CurrentTime, Repcount, x, y) = yldisp((CurrentTime - 1), 1, x, y)
End If
condt(n) = (condt(n) - 8)
End If
If (condt(n) - 4) >= 0 Then 'positive y -flow is occurring
Flowpathy(x, y)= 0
For g = y To ymax
Flowpathy(x, y) = Flowpathy(x, y) + ydim(x, g)
Next g
Flowpathy(x, y) = (Flowpathy(x, y) - yldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1),
x, y))
If Flowpathy(x, y) < Flowpathmin Then Flowpathmin = Flowpathy(x, y)
Gradienty(CurrentTime, Repcount, x, y) = ((HeadCalc(CurrentTime, Repcount) - Flowpathy(x,
y)) / Flowpathy(x, y))
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yldisp(CurrentTime, Repcount, x, y) = yldisp((CurrentTime - 1), MaxRepcount(CurrentTime
- 1), x, y) + ((hydCond(x, y) * Gradienty(CurrentTime, Repcount, x, y) / Porosity))
'Check to prevent negative change in displacement (plume contraction)
If yldisp(CurrentTime, Repcount, x, y) < yldisp((CurrentTime - 1), 1, x, y) Then
y ldisp(CurrentTime, Repcount, x, y) = yldisp((CurrentTime - 1), 1, x, y)
End If
condt(n) = (condt(n) - 4)
End If
If (condt(n) - 2) >= 0 Then 'negative x -flow is occurring
Headx(x, y) = 0
For g = y To ymax
Headx(x, y) = Headx(x, y) + (ydim(x, g)) 'm
Next g
Headx(x, y) = Headx(x, y) - ((yldisp((CurrentTime - 1), (MaxRepcount(CurrentTime)), x,
y) / 2))
Gradientx(CurrentTime, Repcount, x, y) = (HeadCalc(CurrentTime, Repcount) - Headx(x,
y)) / injDepth
x2disp(CurrentTime, Repcount, x, y) = x2disp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), x, y) + ((hydCond(x, y) * Gradientx(CurrentTime, Repcount, x,
y) / Porosity))
'Check to prevent negative change in displacement (plume contraction)
If x2disp(CurrentTime, Repcount, x, y) < x2disp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), x, y) Then
x2disp(CurrentTime, Repcount, x, y) = x2disp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), x, y)
End If
condt(n) = (condt(n) - 2)
End If
If (condt(n) - 1) >= 0 Then 'positive x -flow is occurring
Headx(x, y) = 0
For g = y To ymax
Headx(x, y) = Headx(x, y) + (ydim(x, g)) 'm
Next g
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Headx(x, y) = Headx(x, y) - ((yldisp((CurrentTime - 1), (MaxRepcount((CurrentTime -
1))), x, y) / 2))
Gradientx(CurrentTime, Repcount, x, y) = (HeadCalc(CurrentTime, Repcount) - Headx(x,
y)) / injDepth
xldisp(CurrentTime, Repcount, x, y) = xIdisp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), x, y) + ((hydCond(x, y) * Gradientx(CurrentTime, Repcount, x,
y) / Porosity))
'Check to prevent negative change in displacement (plume contraction)
If xldisp(CurrentTime, Repcount, x, y) < xIdisp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), x, y) Then
xldisp(CurrentTime, Repcount, x, y)= xldisp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), x, y)
End If
condt(n) = (condt(n) - 1)
End If
condt(n) = HoldCondt
Next n
'Vcalc calculations
Vcalc(CurrentTime, Repcount)= 0
For g = xmin To xmax
For h = ymin To ymax
If CellsFull(CurrentTime, Repcount, g, h)= 1 Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (xdim(g, h) * ydim(g, h) *
Porosity)
End If
Next h
Next g
For n = nmin To nmax
x = (position(n, 1))
y = (position(n, 2))
Dim Holdcondt2
Holdcondt2 = condt(n)
'Dim CrossFlowFlag As Integer 'When crossflow occurs, will subtract xdisp*ydisp when Flag =
2
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'CrossFlowFlag = 0
If (condt(n) - 8) >= 0 Then 'negative y - flow is occurring
If xldisp(CurrentTime, Repcount, x, y) = xdim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (xldisp(CurrentTime,
Repcount, x, y) * y2disp(CurrentTime, Repcount, x, y) * Porosity)
'CrossFlowFlag = (CrossFlowFlag + 1)
GoTo 900
End If
If xldisp(CurrentTime, Repcount, x, y) < xdim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (xldisp(CurrentTime,
Repcount, x, (y + 1)) * y2disp(CurrentTime, Repcount, x, y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
GoTo 900
End If
If x2disp(CurrentTime, Repcount, x, y)= xdim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (x2disp(CurrentTime,
Repcount, x, y) * y2disp(CurrentTime, Repcount, x, y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
GoTo 900
End If
If x2disp(CurrentTime, Repcount, x, y) < xdim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (xldisp(CurrentTime,
Repcount, x, (y + 1)) * y2disp(CurrentTime, Repcount, x, y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
End If
900 condt(n)= (condt(n) - 8)
End If
If (condt(n) - 4) >= 0 Then 'positive y -flow is occurring
If xldisp(CurrentTime, Repcount, x, y) = xdim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (xldisp(CurrentTime,
Repcount, x, y) * yldisp(CurrentTime, Repcount, x, y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
GoTo 1000
End If
If xldisp(CurrentTime, Repcount, x, y) < xdim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (xldisp(CurrentTime,
Repcount, x, (y - 1)) * yldisp(CurrentTime, Repcount, x, y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
GoTo 1000
End If
If x2disp(CurrentTime, Repcount, x, y) = xdim(x, y) Then
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Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (x2disp(CurrentTime,
Repcount, x, y) * yldisp(CurrentTime, Repcount, x, y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
GoTo 1000
End If
If x2disp(CurrentTime, Repcount, x, y) < xdim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (xldisp(CurrentTime,
Repcount, x, (y - 1)) * yldisp(CurrentTime, Repcount, x, y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
End If
1000 condt(n) = (condt(n) - 4)
End If
If (condt(n) - 2) >= 0 Then 'negative x-flow occurring
If yldisp(CurrentTime, Repcount, x, y) = ydim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (x2disp(CurrentTime,
Repcount, x, y) * yldisp(CurrentTime, Repcount, x, y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
GoTo 2000
End If
If yldisp(CurrentTime, Repcount, x, y)< ydim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (x2disp(CurrentTime,
Repcount, x, y) * yldisp(CurrentTime, Repcount, (x + 1), y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
GoTo 2000
End If
2000 condt(n) = (condt(n) - 2)
End If
If (condt(n) - 1) >= 0 Then 'positive x-flow occurring
If yldisp(CurrentTime, Repcount, x, y) = ydim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (xldisp(CurrentTime,
Repcount, x, y) * yldisp(CurrentTime, Repcount, x, y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
GoTo 3000
End If
If yldisp(CurrentTime, Repcount, x, y) < ydim(x, y) Then
Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) + (xldisp(CurrentTime,
Repcount, x, y) * yldisp(CurrentTime, Repcount, (x - 1), y) * Porosity)
CrossFlowFlag = (CrossFlowFlag + 1)
GoTo 3000
End If
3000 condt(n) = (condt(n) - 1)
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End If
'If CrossFlowFlag = 2 And xldisp(CurrentTime, Repcount, x, y) > 0 Then
'Vcalc(CurrentTime, Repcount) = Vcalc(CurrentTime, Repcount) - (xldisp(CurrentTime,
Repcount, x, y) * yldisp(CurrentTime, Repcount, x, y)) * Porosity
'End If
'If CrossFlowFlag = 2 And x2disp(CurrentTime, Repcount, x, y) > 0 Then
'Vcalc(CurrentTime, Repcount) = (Vcalc(CurrentTime, Repcount) - (x2disp(CurrentTime,
Repcount, x, y) * yldisp(CurrentTime, Repcount, x, y)) * Porosity)
'End If
condt(n) = Holdcondt2
Next n
'Calculate Epsilon
If Vcalc(CurrentTime, Repcount) > VguessMax(CurrentTime) Then
Epsilon(CurrentTime, Repcount) = ((VguessMax(CurrentTime) - Vguess(CurrentTime,
Repcount)) / 2)
Else
Epsilon(CurrentTime, Repcount) = ((((Vcalc(CurrentTime, Repcount) - Vguess(CurrentTime,
Repcount)))) / 32)
End If
'Compare Epsilon to Epsilonbound
If Abs(Epsilon(CurrentTime, Repcount)) < EpsilonBound Then
t_break = Timemax
MaxRepcount(CurrentTime) = Repcount
If yldisp(CurrentTime, Repcount, xlnj, (ymax)) >= (BreakthroughFactor * ydim(xlInj,
(ymax))) Then
t_break = Time
MsgBox ("Breakthrough has occurred.")
End If
Dim xldispA(xmin To xmax, ymin To ymax) As Double
Dim x2dispA(xmin To xmax, ymin To ymax) As Double
Dim yldispA(xmin To xmax, ymin To ymax) As Double
Dim e, f
For e = xmin To xmax
For f = ymin To ymax
xldispA(e, f)= 0
x2dispA(e, f)= 0
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yldispA(e, f) = 0
Next f
Next e
Assignment of CellsFull in Current Timestep
For n = nmin To nlimit
g = position(n, 1)
h = position(n, 2)
Holdcondt2 = condt(n)
If condt(n) = 2 Then GoTo 1020
If condt(n) = 3 Then GoTo 1030
If condt(n) = 4 Then GoTo 1040
If condt(n) = 5 Then GoTo 1050
If condt(n) = 6 Then GoTo 1060
If condt(n) = 7 Then GoTo 1065
'condt(n) = 1 Statements
dV = (((xldisp(CurrentTime, Repcount, g, h) - (xldisp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), g, h))) * yldisp(CurrentTime, Repcount, (g - 1), h)))
Vcell(g, h) = (Vcell(g, h) + dV)
If Vcell(g, h) >= (xdim(g, h) * ydim(g, h)) Then CellsFull(CurrentTime, Repcount, g, h)= 1
'Positive x-flow across cell boundary
If xldisp(CurrentTime, Repcount, g, h) > xdim(g, h) Then
If g = xmax Then GoTo 1070
xldispA((g + 1), h) = (xldisp(CurrentTime, Repcount, g, h) - xdim(g, h))
yldispA(g, h) = yldisp(CurrentTime, Repcount, (g - 1), h)
xldisp(CurrentTime, Repcount, g, h) = xdim(g, h)
End If
GoTo 1070
1020
'condt(n) = 2 Statements
dV = ((x2disp(CurrentTime, Repcount, g, h) - x2disp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), g, h)) * yldisp(CurrentTime, Repcount, (g + 1), h))
Vcell(g, h) = (Vcell(g, h) + dV)
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If Vcell(g, h) >= (xdim(g, h) * ydim(g, h)) Then CellsFull(CurrentTime, Repcount, g, h)= 1
'Negative x-flow across cell boundary
If x2disp(CurrentTime, Repcount, g, h) > xdim(g, h) Then
If g = xmin Then GoTo 1070
x2dispA((g - 1), h) = (x2disp(CurrentTime, Repcount, g, h) - xdim(g, h))
yldispA(g, h) = yldisp(CurrentTime, Repcount, (g + 1), h)
x2disp(CurrentTime, Repcount, g, h) = xdim(g, h)
End If
GoTo 1070
1030
'condt(n) = 3 Statements
Dim dv3xI, dv3x2
dv3xl = ((xldisp(CurrentTime, Repcount, g, h) - xldisp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), g, h)) * yldisp(CurrentTime, Repcount, (g - 1), h))
Vcell(g, h) = (Vcell(g, h) + dv3x1)
dv3x2 = ((x2disp(CurrentTime, Repcount, g, h) - x2disp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), g, h)) * yldisp(CurrentTime, Repcount, (g + 1), h))
Vcell(g, h) = (Vcell(g, h) + dv3x2)
If Vcell(g, h) >= (xdim(g, h) * ydim(g, h)) Then CellsFull(CurrentTime, Repcount, g, h)= 1
GoTo 1070
1040
'condt(n) = 4 Statements
If (xldisp(CurrentTime, Repcount, g, (h - 1))) >0 Then
dV = (xldisp(CurrentTime, Repcount, g, (h - 1)) * (yldisp(CurrentTime, Repcount, g, h) -
yldisp((CurrentTime - 1), 1, g, h)))
Else
dV = ((x2disp(CurrentTime, Repcount, g, (h - 1)) * (yldisp(CurrentTime, Repcount, g, h) -
yldisp((CurrentTime - 1), MaxRepcount(CurrentTime - 1), g, h))))
End If
Vcell(g, h) = (Vcell(g, h) + dV)
If Vcell(g, h) >= (xdim(g, h) * ydim(g, h)) Then CellsFull(CurrentTime, Repcount, g, h) = 1
'Positive y-flow across cell boundary
If yldisp(CurrentTime, Repcount, g, h) > ydim(g, h) Then
If h = ymax Then GoTo 1070
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yldispA(g, (h + 1)) = (yldisp(CurrentTime, Repcount, g, h) - ydim(g, h))
x1dispA(g, h) = xldisp(CurrentTime, Repcount, g, (h - 1))
x2dispA(g, h) = x2disp(CurrentTime, Repcount, g, (h - 1))
yIdisp(CurrentTime, Repcount, g, h) = ydim(g, h)
End If
GoTo 1070
1050
'condt(n) = 5 Statements
Dim dvx1, dvx2, dVyl, dVyx2, dx, dy
'xl flow
dx = (xldisp(CurrentTime, Repcount, g, h) - xldisp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), g, h))
dvxl = (dx * yldisp(CurrentTime, Repcount, (g - 1), h))
Vcell(g, h)= (Vcell(g, h) + dvxI)
'yl flow
dy = (yldisp(CurrentTime, Repcount, g, h) - yldisp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), g, h))
dVyI = (xldisp(CurrentTime, Repcount, g, (h - 1)) * dy)
Vcell(g, h) = (Vcell(g, h) + dVyl)
Vcell(g, h) = (Vcell(g, h) - (CrossFlowFactor * (dx * dy)))
If Vcell(g, h) >= (xdim(g, h) * ydim(g, h)) Then CellsFull(CurrentTime, Repcount, g, h)= 1
'Positive x-flow across cell boundary
If xldisp(CurrentTime, Repcount, g, h) > xdim(g, h) Then
If g = xmax Then GoTo 1070
xldispA((g + 1), h) = (xldisp(CurrentTime, Repcount, g, h) - xdim(g, h))
yldispA(g, h) = yldisp(CurrentTime, Repcount, (g - 1), h)
xldisp(CurrentTime, Repcount, g, h) = xdim(g, h)
End If
'Positive y-flow across cell boundary
If yldisp(CurrentTime, Repcount, g, h) > ydim(g, h) Then
If h = ymax Then GoTo 1070
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yldispA(g, (h + 1)) = (yldisp(CurrentTime, Repcount, g, h) - ydim(g, h))
xldispA(g, h) = xldisp(CurrentTime, Repcount, g, (h - 1))
x2dispA(g, h) = x2disp(CurrentTime, Repcount, g, (h - 1))
yldisp(CurrentTime, Repcount, g, h) = ydim(g, h)
End If
GoTo 1070
1060
'condt(n) =6 Statements
'x2 flow
dx = (x2disp(CurrentTime, Repcount, g, h) - x2disp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), g, h))
dvx2 = (dx * yldisp(CurrentTime, Repcount, (g + 1), h))
Vcell(g, h)= (Vcell(g, h) + dvx2)
'yl flow
dy = (yldisp(CurrentTime, Repcount, g, h) - yldisp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), g, h))
dVyx2 = (x2disp(CurrentTime, Repcount, g, (h - 1)) * dy)
Vcell(g, h) = (Vcell(g, h) + dVyx2)
Vcell(g, h)= (Vcell(g, h) - (CrossFlowFactor * (dx * dy)))
If Vcell(g, h) >= (xdim(g, h) * ydim(g, h)) Then CellsFull(CurrentTime, Repcount, g, h)= 1
'Negative x-flow across cell boundary
If x2disp(CurrentTime, Repcount, g, h) > xdim(g, h) Then
If g = xmin Then GoTo 1070
x2dispA((g - 1), h)= (x2disp(CurrentTime, Repcount, g, h) - xdim(g, h))
yldispA(g, h)= yldisp(CurrentTime, Repcount, (g + 1), h)
If Time = 6 And g = 8 And h = 1 Then condt(1000)= 1000
x2disp(CurrentTime, Repcount, g, h)= xdim(g, h)
End If
'Positive y-flow across cell boundary
If yldisp(CurrentTime, Repcount, g, h) > ydim(g, h) Then
If h = ymax Then GoTo 1070
yldispA(g, (h + 1)) = (yldisp(CurrentTime, Repcount, g, h) - ydim(g, h))
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xldispA(g, h) = xldisp(CurrentTime, Repcount, g, (h - 1))
x2dispA(g, h) = x2disp(CurrentTime, Repcount, g, (h - 1))
yldisp(CurrentTime, Repcount, g, h) = ydim(g, h)
End If
GoTo 1070
1065
'condt(n) = 7 Statements
Dim dv7xI, dv7x2, dVy, d7xI, d7x2, d7yI
d7x1 = (xldisp(CurrentTime, Repcount, g, h) - xldisp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), g, h))
dv7x1 = (d7xl * yldisp(CurrentTime, Repcount, (g - 1), h))
Vcell(g, h) = (Vcell(g, h) + dv7xI)
d7x2 = (x2disp(CurrentTime, Repcount, g, h) - x2disp((CurrentTime - 1),
MaxRepcount(CurrentTime - 1), g, h))
dv7x2 = (d7x2 * yldisp(CurrentTime, Repcount, (g + 1), h))
Vcell(g, h) = (Vcell(g, h) + d7x2)
d7yl = (yldisp(CurrentTime, Repcount, g, h) - yldisp((CurrentTime - 1), 1, g, h))
If (xldisp(CurrentTime, Repcount, g, (h - 1)))> 0 Then
dVy = (x1disp(CurrentTime, Repcount, g, (h - 1)) * d7yl)
Vcell(g, h) = (Vcell(g, h) + dVy - (CrossFlowFactor * (d7yI * d7xl)))
If xldisp(CurrentTime, Repcount, g, h) = xdim(g, h) Then GoTo 1067
End If
If (x2disp(CurrentTime, Repcount, g, (h - 1)))> 0 Then
dVy = (x2disp(CurrentTime, Repcount, g, (h - 1)) * d7yl)
Vcell(g, h) = (Vcell(g, h) + dVy - (CrossFlowFactor * (d7yl * d7x2)))
End If
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If Vcell(g, h) >= (xdim(g, h) * ydim(g, h)) Then CellsFull(CurrentTime, Repcount, g, h)= 1
GoTo 1070
'Positive y-flow across cell boundary
If yldisp(CurrentTime, Repcount, g, h) > ydim(g, h) Then
If h = ymax Then GoTo 1070
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yldispA(g, (h + 1)) = (yldisp(CurrentTime, Repcount, g, h) - ydim(g, h))
xldispA(g, h) = xldisp(CurrentTime, Repcount, g, (h - 1))
x2dispA(g, h) = x2disp(CurrentTime, Repcount, g, (h - 1))
yldisp(CurrentTime, Repcount, g, h) = ydim(g, h)
End If
1070 'End of CellsFull assignment loop
condt(n) = Holdcondt2
Next n
'Assign all differential displacements to adjacent cells as a block
For g = xmin To xmax
For h = ymin To ymax
If xldispA(g, h) > xdim(g, h) Then xldispA(g, h) = xdim(g, h)
If xldispA(g, h) <> 0 Then xldisp(CurrentTime, Repcount, g, h) = xldispA(g, h)
If x2dispA(g, h) > xdim(g, h) Then x2dispA(g, h) = xdim(g, h)
If x2dispA(g, h) <> 0 Then x2disp(CurrentTime, Repcount, g, h) = x2dispA(g, h)
If yldispA(g, h) > ydim(g, h) Then yldispA(g, h) = ydim(g, h)
If yldispA(g, h) <> 0 Then yldisp(CurrentTime, Repcount, g, h) = yldispA(g, h)
Next h
Next g
For n = nmin To nlimit
g = position(n, 1)
h = position(n, 2)
If yldisp(CurrentTime, Repcount, g, h) = ydim(g, h) Then
If xldisp(CurrentTime, Repcount, g, h) >= xdim(g, h) Then CellsFull(CurrentTime, Repcount,
g, h) = 1
If x2disp(CurrentTime, Repcount, g, h) >= xdim(g, h) Then CellsFull(CurrentTime, Repcount,
g, h) = 1
End If
Next n
'Assign all correct displacements to CurrentTime = 0 for reference in next time step
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For g = xmin To xmax
For h = ymin To ymax
x1disp(0,
x2disp(O,
yldisp(0,
y2disp(0,
1, g, h)
1, g, h)
1, g, h)
1, g, h)
= xIdisp(1,
= x2disp(1,
= yldisp(1,
= y2disp(1,
1, g, h)
1, g, h)
1, g, h)
1, g, h)
Next h
Next g
'End of assignment of CellsFull in this Timestep
Vguess(0, 1) = Vguess(1, 1)
Vcalc(0, 1) = Vcalc(1, 1)
Print #300, Time, Pcalc(CurrentTime, Repcount), Flowpathmin
If Time = tbreak Then GoTo 427
If Time = Timemax Then
MsgBox "Maximum Time reached before
GoTo 427
End If
breakthough occurred."
Dim file 1$, file2$, file3$, dum$
dum$ = Str$(Time)
file1$ =
file2$ =
file3$ =
"C:\Output\CellsFull" + dum$ + ".txt"
"C:\Output\xdisp" + dum$ + ".txt"
"C:\Output\ydisp" + dum$ + ".txt"
Open fileI$ For Output
Open file2$ For Output
Open file3$ For Output
Print #7,
Print #7,
Print #8,
Print #8,
Print #9,
Print #9,
As #7
As #8
As #9
"BLANK"
"BLANK"
"BLANK"
"BLANK"
"BLANK"
"BLANK"
For g = xmin To xmax
For h = ymin To ymax
If CellsFull(l, MaxRepcount(1), g, h) = 1 Then
Print #7, g, h, CellsFull(1, MaxRepcount(1), g, h)
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Else
Print #7, g, h, Vcell(g, h)
End If
If g > (xInj - 1) Then
Print #8, g, h, x1disp(1, MaxRepcount(1), g, h)
Else
Print #8, g, h, x2disp(1, MaxRepcount(1), g, h)
End If
Print #9, g, h, yldisp(1, MaxRepcount(1), g, h)
Next h
Next g
Close #7
Close #8
Close #9
'Increment Timestep
MaxRepcount(CurrentTime) = Repcount
Repcount = 1
Time = Time + 1
CurrentTime = 1
If Time > Timemax Then
MsgBox ("Timemax has been reached without breakthrough occuring.")
GoTo 427
End If
If CurrentTime > tbreak Then GoTo 427
IterationCounter(CurrentTime) = 1
------------- MOD------------------
'If Flowpathmin < 3 Then q = (3 * q)
'If Flowpathmin < 2 Then q = (3.25 * q)
'If Flowpathmin < 1 Then q = (3.5 * q)
------------- MOD------------------
MolesAirln(Time) = (Ninitial + (Time * q))
PentryReq = (Flowpathmin * (rhoWater * gravity) + Patm + Pcap)
VguessMin(CurrentTime) = (Vcalc((CurrentTime - TimeStep), MaxRepcount(CurrentTime
- TimeStep)))
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VguessMax(CurrentTime) = ((MolesAirln(Time) * gasConstant * Temp) / (PentryReq)) *
VguessFactor
Vguess(CurrentTime, Repcount) = (VguessMin(CurrentTime) + VguessMax(CurrentTime))
/2
GoTo 20
Else
Open "C:\Iterations.txt" For Append As #100
' Print #100, Time, IterationCounter(Time), Vguess(CurrentTime, Repcount),
Vcalc(CurrentTime, Repcount), PentryReq, Pcalc(CurrentTime, Repcount), Pcap
Close #100
IterationCounter(CurrentTime) = (IterationCounter(CurrentTime) + 1)
Vguess(CurrentTime, 0) = Vguess(CurrentTime, 1)
Epsilon(CurrentTime, 0) = Epsilon(CurrentTime, 1)
Repcount = 1
'Repcount = (Repcount + 1)
'Vguess(CurrentTime, Repcount) = (Vguess(CurrentTime, (Repcount - 1))) +
(Epsilon(CurrentTime, (Repcount - 1)) / 100)
Dim Divisor As Double
Divisor = 2
Vguess(CurrentTime, Repcount) = (Vguess(CurrentTime, (Repcount - 1))) +
((Epsilon(CurrentTime, (Repcount - 1))))
420
Pcalc(CurrentTime, Repcount) = ((MolesAirln(Time) * gasConstant * Temp) /
Vguess(CurrentTime, Repcount))
CheckPressure(CurrentTime, Repcount) = (Pcalc(CurrentTime, Repcount) - PentryReq)
HeadCalc(CurrentTime, Repcount) = ((Pcalc(CurrentTime, Repcount) - Patm - Pcap) /
(rhoWater * gravity))
GoTo 550
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End If
427
Close #300
End Sub
'COMPREHENSIVE OUTPUT FILE
Private Sub Command 16Click()
Open "C:\datal.txt" For Output As #1
Dim intMsg
intMsg = MsgBox("File datal.txt opened")
Print #1, "Flowrate =", FlowRate, "mA3"
Print #1, "EpsilonBound=", EpsilonBound
Print #1, "Vincrease=", Vincrease
Print #1, "Timestep=", TimeStep
Print #1,
Print #1,
Print #1,
Print #1,
Dim u, v
For u = tmin To tmax
'For v = Repcountmin To MaxRepcount(u)
Print #1, "Timestep=", u, "Iterations=", IterationCounter(u)
'Print #1, "Repcount=", v
Print #1,
Print #1, "Vguessmin=", VguessMin(u)
Print #1, ""
Print #1, "Vguess=", Vguess(u, 1)
Print #1,
Print #1, "Vguessmax=", VguessMax(u)
Print #1,
Print #1, "P hydrostatic=", PentryReq
Print #1,
Print #1, "Pcalc=", Pcalc(u, 1)
Print #1,
Print #1, "Vcalc=", Vcalc(u, 1)
Print #1,
Print #1, "(Epsilon = Vcalc - Vguess)"
Print #1, "Epsilon=", Epsilon(u, 1)
Print #1,
Print #1, "x-displacement(2,1)=", xldisp(u, 1, 1, 2)
Print #1, "y-displacement(2,1)=", yldisp(u, 1, 1, 2)
Print #1, "-----------------------------------------"
Print #1,
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Print #1, ""
Print #1,
Print #1,
'Next v
Next u
Close #1
intMsg = MsgBox("Data written to datal.txt ")
Close #1
End Sub
'EXCEL FORMAT OUTPUT FILE
Private Sub Command17_Click()
Open
Open
Open
Open
Open
'Open
'Open
'Open
'Open
'Open
"C:\data00.txt" For
"C:\data20.txt" For
"C:\data0l.txt" For
"C:\datal l.txt" For
"C:\data2l.txt" For
"C:\data02.txt" For
"C:\datal2.txt" For
"C:\data22.txt" For
"C:\data23.txt" For
"C:\data24.txt" For
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
As #10
As #11
As #12
As #13
As #14
As #15
As #16
As #17
As #18
As #19
Dim intMsg
intMsg = MsgBox("Files opened")
'Print #2, "Flowrate =", FlowRate, "m^3"
'Print #2, "xmin=", xmin
'Print #2, "xmax=", xmax
'Print #2, "ymin=", ymin
'Print #2, "ymax=", ymax
'Print #2, ""
'Print #2, "xInj=", xInj
'Print #2, "yInj=", yInj
'Print #2, ""
'Print #2, "EpsilonBound=", EpsilonBound
'Print #2, "Vincrease=", Vincrease
'Print #2, "Timestep=", TimeStep
'Print #2,
'Print #2,
Dim u
Print #10, "Time", "", "xdisp(8,1)", "ydisp(8,1)"
For u = tmin To tmax
Print #10, u, x2disp(u, MaxRepcount(u), 8, 1), yldisp(u, MaxRepcount(u), 8, 1)
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Next u
Print #11, "Time", "", "xdisp(8,2)", "ydisp(8,2)"
For u = tmin To tmax
Print #11, u, x2disp(u, MaxRepcount(u), 8, 2), yldisp(u, MaxRepcount(u), 8, 2)
Next u
Print #12, "Time", "", "xdisp(9,2)", "ydisp(9,2)"
For u = tmin To tmax
Print #12, u, xldisp(u, MaxRepcount(u), 9, 2), yldisp(u, MaxRepcount(u), 9, 2)
Next u
Print #13, "Time", "", "xdisp(10,1)", "ydisp(10,1)"
For u = tmin To tmax
Print #13, u, xldisp(u, MaxRepcount(u), 10, 1), yldisp(u, MaxRepcount(u), 10, 1)
Next u
Print #14, "Time", "", "xdisp(10,2)", "ydisp(10,2)"
For u = tmin To tmax
Print #14, u, xldisp(u, MaxRepcount(u), 10, 2), yldisp(u, MaxRepcount(u), 10, 2)
Next u
'Print #15, "Time", "", "xdisp(0,2)", "ydisp(0,2)"
'For u = tmin To tmax
'Print #15, u, x2disp(u, MaxRepcount(u), 0, 2), yldisp(u, MaxRepcount(u), 0, 2)
'Next u
'Print #16, "Time", "", "xdisp(1,2)", "ydisp(1,2)"
'For u = tmin To tmax
'Print #16, u, xldisp(u, MaxRepcount(u), 1, 2), yldisp(u, MaxRepcount(u), 1, 2)
'Next u
Close #10
Close #11
Close #12
Close #13
Close #14
Close #15
Close #16
Close #17
intMsg = MsgBox("Data written to files")
End Sub
'CELLSFULL OUTPUT FILE
Private Sub CommandI8_Click()
Open "C:\data3.txt" For Output As #3
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Dim intMsg
intMsg = MsgBox("File data3.txt opened")
Print #3, "Flowrate =", FlowRate, "mA3"
Print #3, "Permeability=", Permeability
Print #3, "xmin=", xmin
Print #3, "xmax=", xmax
Print #3, "ymin=", ymin
Print #3, "ymax=", ymax
Print #3, ""
Print #3, "xlnj=", xInj
Print #3, "ylnj=", ylnj
Print #3, ""
Print #3, "EpsilonBound=", EpsilonBound
Print #3, "Vincrease=", Vincrease
Print #3, "Timestep=", TimeStep
Print #3,
Print #3,
'CurrentTime
Dim u, x, y
u = 1
For x = xmin To xmax
For y = ymin To ymax
Print #3, x, ",", y, ",", CellsFull(u, MaxRepcount(u), x, y)
Next y
Next x
Close #3
intMsg = MsgBox("Data written to data3.txt ")
Close #3
End Sub
Private Sub Command19_Click()
Open "C:\tempdata.txt" For Output As #100
Print #100, "Volume of Plume", Vcalc(tLbreak, 1)
Print #100, "Injection Depth", injDepth
Print #100, "Injection Rate", q
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Print #100, "Intrinsic Permeability", Permeability
Close #100
MsgBox ("Data written to datatemp.txt ")
End Sub
Private Sub Command2_Click()
Dim Prompt2
Prompt2 = "Please enter the gas injection rate in m^3/sec."
q = InputBox$(Prompt2)
Label2.Caption = q
End Sub
Private Sub Command20_Click()
Open "CellsFulll.txt" For Output As #200
Dim g As Integer, h As Integer
h=0
For g = 1 To 10
h=h+ 1
Print #200, h
Print #200, ""
Next g
Close #200
End Sub
Private Sub Command3_Click()
Dim Prompt3
Prompt3 = "Please enter the pore fluid density in kg/m3."
PoreFluidDensity = InputBox$(Prompt3)
Label3.Caption = PoreFluidDensity
End Sub
Private Sub Command4_Click()
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Dim Prompt4
Prompt4 = "Please enter the pore fluid surface tension in N/m."
SurfaceTension = InputBox$(Prompt4)
Label4.Caption = SurfaceTension
End Sub
Private Sub Command5_Click()
Dim Prompt5
Prompt5 = "Please enter the injection gas viscosity in kg/m-sec."
InjectionGasViscosity = InputBox$(Prompt5)
Label5.Caption = InjectionGasViscosity
End Sub
Private Sub Command6_Click()
Dim Prompt6
Prompt6 = "Please enter the injection gas density in kg/m3."
InjectionGasDensity = InputBox$(Prompt6)
Label6.Caption = InjectionGasDensity
End Sub
Private Sub Text2_Changeo
End Sub
Private Sub Command7_Click()
q = 0.0026 'm^3/sec
Label2.Caption = q
End Sub
Private Sub Command8_Click()
Dim Prornpt8
Prompt8 = "Please enter the permeability in kg/m3."
Permeability = InputBox$(Prompt8)
Label8.Caption = Permeability
End Sub
Private Sub Command9_Click()
Dim Prompt9
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Prompt9 = "Please enter the porosity."
Porosity = InputBox$(Prompt9)
Label9.Caption = Porosity
End Sub
Private Sub CommandIOClick()
Dim Prompt 10
Prompt10 = "Please enter the specific gravity."
SpecificGravity = InputBox$(Prompt10)
Labell1O.Caption = SpecificGravity
End Sub
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Appendix B: Single Injection Point Field Site Data
I. Introduction
A confidential site where an air sparging pilot study was conducted was examined. There
was a large amount of previous site characterization data available, and the site was
contaminated with high trichloroethylene (TCE) concentrations and relatively low
concentrations of other contaminants. Twenty-three kilograms of TCE were collected
over the course of all pilot cell operations. The study's authors concluded that the zone
of influence from the shallow sparging point (see below for injection point configuration)
was a parabola with 20 ft radius based on dissolved oxygen (DO) measurements.
However, when the average TCE concentration in and around the pilot cell was compared
before and after the entire pilot cell test, the collected mass of TCE does not appear in
any way correlated to a 20 foot radius of influence. In order to account for the mass of
TCE removed, a cylinder with a radius of 20 feet would have a height of approximately
26,500 feet (this approximation is shown in detail below in Table 2. When the entire area
of the pilot cell is considered (50 ft x 50 ft), this height required is still over 5,200 feet.
Given these facts, the data presented in the study does not seem to be reliable. As TCE
free product was observed in monitoring wells elsewhere at the site, it is also possible
that free product was present in the pilot cell, and was not accounted for when comparing
pre- and post-sparging TCE concentrations in the groundwater.
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Table 2: Determination of Height of Cylinder Required for Removal of 23 kg of TCE
Baseline Concentration
Post Recovery Concentration
Amount of TCE Collected
Removal Efficiency
Amount removed from aquifer
Amount of TCE removed/ L
38 pg/L
13.1 pg/L
23Kg
0.98
23.469 Kg
2.49E-05 g/L
First Calculation
Amount removed 23.469 kg
Amount removed per liter 2.49E-08 kg/L
Volume of water (Cylinder with r = 20 ft) 942,545,692.98 L 942,545.69 m3
1st Approximation - 20 foot radius Cylinder
Radius 6.096 m
Area 116.6862m 2
Height 8077.609 m
II. Stratigraphy
The site is overlain by a layer of organic material of variable thickness, typically between
two and five feet. There is a sand layer between approximately elevation (feet above
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mean sea level) 40 and elevation 35 (approximately 10 to 15 feet below ground surface).
The sand is underlain by a sand and gravel layer typically between elevation 35 and
elevation -5, but as deep as -20 in some areas. Bedrock below this layer has been well
characterized during the course of site characterization, as TCE is present in the fracture
network, and an understanding of the flow in the fracture network was desired.
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Figure 2: Typical Section of Site Stratigraphy
III. System Overview
Two air injection points (sparge points) were installed. One sparge point was installed 24
feet below the ground surface, and a second was installed 36 feet below ground surface.
A soil vapor extraction was installed above the sparge points. Two horizontal vacuum
extraction wells were placed in a two foot layer of coarse stone, covered by a plastic
membrane. A plan view of the system layout is shown below in Figure 3.
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With the system installed, a vacuum step test was conducted. Vacuum was applied at
stepped intervals of 4 and 8 inches of H20, and the induced vacuum measured in vapor
monitoring probes. This test was conducted for approximately 4.5 hours.
A shallow sparge test was conducted and monitored for flow rate and pressure. The
sparge point was operated with and without the vacuum system. Air was injected at 8
cubic feet per minute (cfm). The SVE system monitored for air flow rate, pressure and
VOC's. This configuration was operated for approximately 29 days.
A second sparging test was conducted using only the deep sparge point. The system was
operated at a flow rate of 5 to 16 cfm with pressure monitored. Trenches were dug on
each side of pilot cell, and holes were cut in SVE liner to allow observation. Piezometers
and wells monitored for changes in groundwater elevation and dissolved oxygen
concentrations. This sparging configuration was operated for one day. A combination
sparging test was also conducted in which air was injected through both sparge points.
This test was operated at 12 cfm for a duration of approximately 6 hours.
IV. Measurements Taken
Six nested piezometers were installed, six inside the pilot cell, and one outside the cell.
Three vapor monitoring probes were installed inside the cell, and four outside the cell.
Sampling was conducted before and after the air sparging test, baseline and post -
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sparging sampling round, consisting of groundwater sampling, soil vapor sampling, and
soil sampling.
Groundwater sampling was conducted at all 14 piezometers, five overburden wells and
two bedrock wells. The wells were measured for groundwater elevation and temperature.
Groundwater samples were screened for criteria compound volatile organic compounds
(VOC's), DO, pH, and conductivity.
Soil vapor sampling was also conducted. 30 L samples were concentrated onto a
charcoal sorbent medium, and this medium was later tested for criterion VOC's. Soil
sampling was conducted, and the samples were tested for soil VOC concentrations. Two
samples were taken from each of four quadrants, as shown in Figure 3.
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V. Results
The following pages are reproduced from the consultant's report. References to the
specific site and parties involved have been removed to maintain confidentiality.
However, the results are included because they provide an example of a well documented
field site which may prove useful for future comparisons.
99
EXECUTIVE SUMMARY
an in situ volatilization pilot study was performed
on the*. as part of remedial design activities. The pilot study was designed
to demonstrate removal of volatile organic compounds (VOCs) from the subsurface and evaluate
design and operational parameters to best achieve cleanup of soil and groundwater. The in situ
volatilization pilot study was performed
The in situ volatilization technology selected for the pilot test consisted of the injection
of air into the aquifer (air sparging) combined with a collection system constructed at the ground
surface to recover the injected air. Components of the pilot system included an air compressor,
a shallow sparging well, a deep sparging well, a vapor collection bed consisting of two vacuum
extraction pipes within a capped gravel bed, a vacuum blower, and two carbon units to treat the
extracted vapors. The dimensions of the pilot cell were fifty feet by fifty feet. The air sparging
wells were installed at depths of 24 feet and 36 feet below the ground surface.
A monitoring network was installed to observe conditions in groundwater and soils within
and around the pilot cell. The pilot cell was located in the vicinity of seven existing
groundwater monitoring wells. In addition to these wells, 14 piezometers were installed to
provide additional locations for monitoring groundwater conditions. Seven vapor monitoring
probes were installed in soils above the water table. Three of the vapor monitoring probes were
installed within the pilot cell and four were installed outside the cell.
Prior to operation of the pilot system, samples were collected from all monitoring points
to establish baseline conditions. A test using the shallow sparging well was then performed for
a period of 29 days. Following completion of the shallow sparging test, a two-day test was
performed using the deep sparging well.
Data collected during the pilot study included air flow and pressure, water levels, soil
and groundwater physical parameters, and VOCs in soil gas, soil, and groundwater. These data
were used to evaluate VOC removal rates, determine the radius of influence of the air sparging
and vapor extraction wells, and evaluate other parameters for preparation of a full-scale design
for remediation of VOCs in soils and groundwater.
Results of the pilot study demonstrate that VOCs are readily removed from the subsurface
beneath the'- property using a combination of air sparging and aboveground soil vapor
extraction. Trichloroethene (TCE) was the dominant VOC observed in soil gas, soil, and
groundwater. During the pilot test, concentrations of TCE in groundwater decreased rapidly in
the vicinity of the shallow sparging well. During the first two days of operation, ten-fold
reductions were observed in groundwater monitoring points within twenty feet of the shallow
sparging well. A five-fold reduction of TCE was observed overall when January 1994 baseline
data were compared to data collected in March 1994 after completion of the shallow sparging
test.
A total of 25 kilograms of TCE was removed from the subsurface during the pilot study.
Trichloroethene comprised over 99% of the VOCs removed. The carbon treatment system
successfully removed VOCs from the vapor stream prior to discharge to the atmosphere.
Influent and effluent sampling indicated that a VOC removal efficiency of greater than 98% was
achieved by the treatment system.
The radius of influence of the pilot system was evaluated by making measurements of
water levels, dissolved oxygen, dissolved TCE, and VOCs in soil gas. Using these data, a
radius of influence of 20 feet or greater was observed around the shallow sparging well. During
operation of the deep sparging well, a larger radius of influence was observed.
Data regarding other operational parameters which could impact full-scale design were
obtained during the pilot study. These included:
0 the entrainment of water into the vapor extraction system,
e iron and manganese precipitation,
0 artificial rise in the water table,
0 requirements for injection of air at depth, and
0 mobilization of VOCs by sparging.
None of these parameters were found to constrain operation of the pilot system. Design
features similar to the pilot system can be used effectively at full scale.
The efficiency of an air sparging system to remove VOCs as demonstrated by the pilot
study was compared to estimates for removal via groundwater extraction. Air sparging was
found to be 10-100 times more efficient than groundwater extraction for removing VOCs from
the subsurface beneath This increased efficiency is due to a more
efficient transfer of TCE into the vapor phase than into the dissolved phase, and the more rapid
pore flushing capabilities of air injection.
Data collected during the pilot test will be incorporated into the remedial design for
removal of VOCs from soils and groundwater . The full-scale in situ
volatilization system will be designed to remediate groundwater and soils both above and below
the water table. Remediation of groundwater in bedrock will be addressed via groundwater
extraction and treatment. Full-scale design of the in situ volatilization and bedrock groundwater
extraction systems will be integrated into a comprehensive remedy for VOCs in both soils and
groundwater.
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Pilot System Flow and Vacuum
Vacuum Step Test
During the first step, vacuum measured at the east leg and west leg of the pilot cell was
3.8" H20 and 3.9" H20, respectively. Vacuum readings at the monitoring wells, piezometers,
and the four vapor monitoring probes outside the pilot cell were all 0" H20 during the first
vacuum step. Of the three vapor monitoring probes within the pilot cell no vacuum was
recorded at VMP-1, a vacuum of 5.5" H2 0 was recorded in VMP-2, and 4" H20 in VMP-3.
No vacuum was expected in monitoring points screened below the water table as no significant
water level changes were recorded during the first vacuum step.
After 1'/2 hours of operation, vacuum was increased to the venting wells for the second
step. The vacuum was increased to 7" and 8" H20 in the east and west legs of the extraction
system. A leak in the liner at monitoring well BOW-13 was observed and repaired. Following
the repair, the vacuum in the east and west legs of the pilot cell had increased to 11.5" H20 and
13" H20, respectively. Vacuum during the second step was not recorded at the vapor
monitoring probes. The vacuum data results are presented in Table 4-9.
Shallow Sparging
Shallow sparging was initiated on January 17, 1994, three days after the vacuum step
test. Upon activation of the blower, the vacuum in the each leg of the venting system rose
slowly over several minutes and stabilized at 12" H20. The flow in the venting system stabilized
at 44 cfm. One and one half hours after the venting system was activated, the sparging system
was activated. Sparging was initiated at a flow rate of 1.3 cfm at 10 psi measured at the well.
An ice storm occurred the first night of operation, and both the blower and the
compressor were deactivated by an interruption of electrical service. The pilot system was
restarted the following morning and adjusted to a venting system flowrate of 40 cfm and a
sparger flowrate of 4.3 cfm. The sparging flow rate was steadily increased during the day to
6.6 cfm at 10.4 psi. An average flow rate of 8.3 cfm was then maintained over the course of
the shallow sparging test.
4.2.1.1
TABLE 4-9
Vapor Extraction Step Test
Vacuum and Flow Rate Data
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The pilot cell vacuum data is presented in Table 4-10. The vacuum measurements at the
east leg of the venting system were equal or nearly equal (within 2" H20) to the vacuum
measured at the west leg. The variation in vacuum in the pilot cell during the test was caused
by flow rate changes, icing of the lines, and leaks in the liner. The vacuum in the extraction
pipes rose gradually over the course of the test as water and ice condensation partially filled the
extraction piping. The vapor flowrate averaged 40 cfm over the course of the sparging test.
Vacuum was recorded in the three vapor monitoring probes located within the pilot cell
at various times during the shallow sparging test. Vacuum measurements varied significantly
(0"-5.5" H20) often to below detectable levels. Vacuums recorded within the pilot cell during
the first week of the pilot test diminished. Following repair of the leaks in the liner, vacuums
rose inside the pilot cell. This effect is best characterized by the rise of vacuums
Outside the pilot cell no vacuums were recorded with two exceptions at low levels near
the sensitivity limits of the measurement device. A pressure of 0.025" H20 was recorded in
VMP-4 during the third day of the shallow sparging test and a vacuum at the detection limit of
the pressure gauge (0.005" H20) was recorded at VMP-5 on the fourth day of the test. The
absence of pressure readings outside the pilot suggests that the majority of the sparged air
introduced to the aquifer was captured by the vacuum collection system. Vacuum was not
measured during the recovery and comprehensive sampling portions of the shallow sparging test.
4.2.1.2 Treatment System
Vacuum Step Test
Summa canister (whole air) samples were collected from the influent to the carbon system
during the vacuum step test. Trichloroethene was detected in the influent vapor stream at a
concentration of 0.325 ppmv (0.335 ppmv duplicate). Other detected compounds were trans 1,2-
DCE (0.018 ppmv), vinyl chloride (0.026 ppmv) and tetrachloroethene (0.0002 ppmv). These
Summa canister vapor results are summarized in Table 4-11. Complete data packages from
analysis of summa canisters are included as Appendix I.
TABLE 4-10
Shallow Sparging Test
Vacuum Data
1:4-94'.p-17-94
9:0 amn 12n m 24 a 9:20 sin
1-19-94
100 9- 4:'20:m - 30 am 2:00pm 9:00 OOpm
West Leg ("H20) 3.9 7 13 11.5 9 -- 18.5 -- 16 18 7.5 27 24 -- 23 25
1aatLeg (CH2O) 3.8 8 11.5 11.5 *- -- 19 is 16 16 8 27 23 *- 18 23
Bktwer (" g2Q) 39 39 39 -- -- 40 -- -- 39 -- 44 40 -- 40.5 44
Fow Ra(cm)t -- 40 40 44 -- -- 40 -- -- 44 .- 37 40 -- 40 37
Sptge Jlow (scJh) -- -- -- 80 -- 310 260 250 400 220 500 500 350 500 450 500
.d...essui. (p) -- -- -- 10.2 -- 11 11.5 11.1 12 11.2 21 20 14.5 24 14.5 16
We reasure a -- -. -- 10 -- 9.7 -- 10.5 10.6 9.7 10.7 11.7 9.7 11 10.5 11.5
:1.2.-94 1-23-94.. 1-2494 .12894. 2-14 2-74 . . . . - 4
._. 2:40pm 9:50am 9:15 am 2:00 pm 4:00 pm 8:40 am 3:40 pm 12:20 pm 3:00 pm 8:00 am 12:00 pm 3:45 pm 9:30am 2:15pm 2:35pm 3:15pm
West Leg1 (" llO) 35 -- -- 32 -- 38 -- 33 -- 29 -- -- -
UCPjqt k L ::,2O) 36 -- -- 31.5 -- 34 -- 32 .. 29 -- -- -- -- --
oidwee("112O) 44 42 -- 39 39 44 45 40 -- 39 38 43 46 -- -- --
... w.Rats(crm. 34 38 35 43 47 36 30 40 -- 43 45 44 31 --
Sparge Fiaw (acdb) 300 500 450 500 500 480 500 -- 500 440 500 500 500 500 120 900
$hod Pressure (psl) 16 15 14.5 16 17 16 18 -- 17 14.5 16 18 16 18 11 15
Well Pressure (pal) 10.9 10.4 10.5 10.75 11.75 10.75 12 -- 12.2 - 10.5 10.75 12.5 10.75 12.5 10.75 12.5
14-9 118794. . :1-19-94 :-- -94 21-94 1-28- 4 2-941 :2-7-94 2-14-94 [ I Arithmetic Geometric Coefficient
.....0 pm 2:30pm .9:20-sin a 4:20-pm I2( 1:00 pm 3:40' pm 12:20 in 2:00 in 2:15 pin 2:35i 3:15 p MxiunmL|iMinmum Mean Mean of Variation
VMP-1 (" H20) 0 0 0 0 0 0 0 0 5.3 0 0 0 5.3 0 0.446 0.009 3.4
V. 2 (".. . ) 5.5 0.15 0.02 0,015 0 0 1 0 3 2.1 1.6 1.7 5.5 0 1.258 0,169 1.3
VMP-$ (' U2O) 4 1.2 0.01 0.005 0.09 0 3 0 2.2 1.2 0.2 0.3 4 0 1.018 0.159 1.3
V'MP-4 (" 2 ) 0 0 -0.025 -- 0 0 0 0 0 0 0 0 0 -0,025 0.007 0.003 0.3
V:: P-S("H20) 0 0 -- - 0.005 0 0 - -- 0 0 0 0.005 0.005 0.005 0.005 0.0
VM-("flZ0) 0 0 -- -- 0 0 . -- -- -- -. -- 0 0 - - -
VMP-7("1120) 0 0 -- -- 0 0 -- -- -- -- -- -- 0
-- No data collecte
() Piessue values
Statistes co esponid to VMP-I to VMP-7 only
To calcte aritametic mset. geometrie mean & coefecient of variation. 0.005 inches H20 was waed for non-detest vaes.
TABLE 4-11
Summa Canister Vapor Results
Influent VOC Concentrations (ppmv)
Vacuum Extraction Step Test
S ample No. IN14 IN-14 dup
vinyl chloride 0.026 0.023
1,-dich<oroethene 0.003 < 0.003
trans-,I 2-dichloroethene 0.018 0.018
1,1-dichloroethane < 0.002 < 0.002
chloroform < 0.002 < 0.002
1,1,1-trichloroethane < 0.002 < 0.002
1,2-dichloroethane < 0.002 < 0.002
trichloroethene 0.325 0.335
tetrachloroethene 0.002 0.002
Shallow Sparging
The Summa canister sample results during the shallow sparging test are presented in
Table 4-12. The concentration of TCE in the vapor stream increased on the first day of the test
from less than 1 ppmv to 128 ppmv, it then decreased to approximately 50 ppmv for the next
several days of the test, and then increased again to 162 ppmv on the third week of the test.
Figure 4-10 presents the TCE concentration in the inlet airstream during the pilot test. The
arithmetic mean of TCE in the vapor stream samples was 79 ppmv.
The increase in TCE concentrations during the first day of shallow sparging suggest that
the area of influence around the sparger took several hours to develop. The subsequent trend
of decreasing concentration followed by increasing concentration suggests that several days of
operation were needed to mobilize and capture TCE not readily available to the collection system
on the first day of operation. Decreasing TCE concentration over the last two weeks of shallow
sparging may indicate the early stages of source degradation, i.e. that the mass of TCE in the
pilot cell was being diminished.
The dominant VOC in the vapor stream was TCE, which represented over 99% of the
VOCs in the vapor stream. Other constituents detected in the airstream samples were vinyl
chloride, which had an arithmetic mean concentration of 0.6 ppmv and reached a maximum
concentration of 2.1 ppmv, and PCE which reached a maximum concentration of 0.53 ppmv.
Other compounds analyzed in the whole air samples included 1,1-dichloroethene, trans-1,2-
dichloroethene, 1,1-dichloroethane, chloroform, 1,1,1-trichloroethane, and 1,2-dichloroethane.
Maximum concentrations of these compounds were from below detection limits to 0.24 ppmv
over the duration of the test.
Table 4-13 present the mass removal of each VOC in the vapor stream. The totals were
calculated by using the flow rate in the extraction piping, the concentration of each VOC
measured in the summa canister samples, and the run time during the pilot test represented by
each summa canister sample. Trichloroethene represented 99.8% of the total VOCs removed
from the pilot cell. A total of 23.8 kg of TCE was removed during the pilot test. Removal of
other VOCs included PCE (36 grams), vinyl chloride (32 grams), and trans-1,2-dichloroethene
(10 grams).
Table 4-13 also presents the mass removal as estimated by PID measurements of the
vapor stream. The removal calculation was based on a PID measurement performed in the field
with each summa canister sample and recorded on the accompanying chain of custody. The
molecular weight of TCE was used to represent the mass of total VOCs. The estimated mass
TABLE 4-12
Influent VOC Concentrations
Shallow Sparging Test
Sample Code: IN17-1 IN17-2 IN17-3 IN18-1 IN-19 IN-20 IN-21 IN-24 IN-24 dup IN-28
Sample Date: 01/17/94 01/17/94 01/17/94 01/18/94 01/19/94 01/20/94 01/21194 0124/94 01/24/94 01/28/94
Sample Location: Inlet Inlet Inlet Inlet Inlet Inlet Inlet Inlet Inlet InletCompound Concentrations: ppmv ppmr ppmV pppv ppmv pptv ppmv ppmv ppmv .pmv
vinyl chloride 0.046 1.496 2.019 2.059 0.302 0.873 0.520 < 0.004 < 0.004 < 0.0041,-dichloroethene < 0.003 0.020 0.029 0.054 0.007 0.021 0.017 < 0.003 < 0.003 < 0.003
trans-1,2-dichloroethene 0.020 0.069 0.083 0.236 6.074 0.116 0.135 < 0.003 < 0.003 < 0.0031,1-dichloroethane < 0.002 < 0.002 < 0.002 0.004 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
chloroform < 0.002 0.003 0.004 0.013 0.004 0.013 0.009 < 0.002 < 0.002 < 0.002
1,1,1-trichloroethane < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
1,2-dichloroetha ne < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
trichloroethene 0.402 2.834 128.2 47.21 23.23 49.76 55.65 91.39 95.28 161.8
tetrachloroethene 0.002 0.006 < 0.001 0.097 0.066 0.095 0.198 < 0.001 < 0.001 0.537
Sample Code: IN-1 IN-1B IN-7 IN-14 IN -14 dup
Sample Date: 02/01/94 02/01/94 02/07/94 02/14/94 02/14/94 Maximum Minimum Arithmetic Geometric CoefficientSample Location: Inlet Inlet Inlet Inlet bilet Mean Mean of VariationCompound Concentrations: ppmv ppmv ppav ppmv ppmv . I
vinyl chloride 0.829 0.193 < 0.004 < 0.004 < 0.004 2.059 U 0.596 0.075 1.314-dichloroethene 0.026 < 0.003 < 0.003 < 0.003 < 0.003 0.054 U 0.013 0.005 1.2trans-1,2-dichloroethene 0.199 0.199 < 0.003 < 0.003 < 0.003 0.236 U 0.081 0.021 1.0
1l1- dichloroethane < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.004 U 0.001 0.001 0.5
chtoroform. 0.041 < 0.002 < 0.002 < 0.002 < 0.002 0.041 U 0.007 0.003 1.6
:1,1,1-trichloroethane < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 U U -- -- --
1,2-dichloroethane < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 U U - - -
trichloroethene 130 6 140 3 96.45 88.97 89.74 161.8 0.402 79.49 43.92 0.6tetfachloroethene 0.258 0 .274 < 0.001 < 0.001 < 0.001 0.537 U 0.110 0.014 1.4
Sample Code: OT17-1 OUT-19:: EF-24 EF-1 EF-7
Sample Date: 01/17/94 01/19/94 01/24/94 02/01/94 02/07/94 Maximum Minimum Arithmetic Geometric Coefficient
Sample Location: Outlet Outlet Outlet Outlet Outlet Mean Mean of Variation
Compound Concentrations: ppmv ppmV ppmy ppmv P-Pmv
vinyl chloride < 0.004 0.005 0.638 0.128 < 0.004 0.638 U 0.155 0.017 1.8
<,1-dhchloroetheoe  0.003 < 0.003 < 0.003 < 0.003 < 0.003 U U - -- -
trans- ,2--dichloroethene < 0.003 < 0.003 < 0.003 0.002 < 0.003 0.002 U 0.001 0.001 0.21,dichloroethane < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 U U -
-
chloroform < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 U U - -
-1,1,1-tichloroethane < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 U U 
--1,2-dichloroethahe. < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 U U -- -
tochI0roethene 0.003 0.413 1.019 1.433 0.028 1.433 0.003 0.579 0.620 1.1tetrachloroethene< 0.001 < 0.001 0.002 0.004 < 0.001 0.004 U 0.002 0.001 0.9
To calculate the arithnietic mean, geometric mean & coefficient of variation; half of the corresponding detection limit was used for non-detect values.U = Not detected at the corresponding detection limit
- = Can not calculate
~1
I
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vinyl cWoride 0.0271 0.11%
1, 1 -dichloroethene 0.0014 0.01%
trans- 1,2-dichloroethene 0.0084 0.03%
1, 1 -dichloroethane 0.0004 0.00%
chlorofonn 0.0017 0.01%
I, I, I -trichloroeth ane 0.0004 0.00%
1,2-dichloroethane 0.0004 0.00%
trichloroethene 23.8366 99.70%
tetrachloroethene 0.0308 0.13%
23.91
TABLE 4-13
Summa Canister Sample VOC Composition
and Mass Removal Summary
Total VOC Mass (Kg)
TABLE 4-13 (cont.)
VOC Composition and Mass Removal Summary
Sample Code:
Sample Date:
System Operation (hours)
Cumulative Operation (hours)
SUMMA CANISTERS
Concentration of TCE (ng/L)
Mass of TCE (mg)
Cumulative Mass of TCE (mg)
Cumulative Mass of TCE (kg)
PID
VOC Concentration (ppmv)
VOC Concentration (ng/L)
Mass of VOCs (mg)
Cumulative Mass of VOCs (mg)
Cumulative Mass of VOCs (kg)
Sample Code:|
Sample Date:I
System Operation (hours)
Cumulative Operation (hours)
SUMMA CANISTERS
Concentration of TCE (ng/L)
Mass of TCE (mg)
Cumulative Mass of TCE (mg)
Cumulative Mass of TCE (kg)
PID
VOC Concentration (ppmv)
VOC Concentration (ng/L)
Mass of VOCs (mg)
Cumulative Mass of VOCs (mg)
Cumulative Mass of VOCs (kg)
.IN-14 1N17-1 IN17-2
01/14/94 01/17/94 01/17/94
4.5 2 3
4.5 6.5 9.5
1,744
533
533
0.0
0
0
0
0
0.0
24
94.5
299,084
487,531
1,443,588
1.4
43
230,998
376,545
1,209,721
1.2
2,162
294
827
0.0
0
0
0
0
0.0
01/24/94
72
166.5
491,151
2,401,846
3,845,434
3.8
110
590,924
2,889,760
4,099,481
4.11
15,230
3,103
3,930
0.0
0
0
0
0
0.0
1N17-3
01/17/94
3
12.5
688,900
140,370
144,300
0.1
4.5
24,174
4,926
4,926
0.0
JN.-28 IN4y8/902/01/94
96 96
262.5 358.5
868,971 702,118
5,665,969 4,578,034
9,511,403 14,089,437
10 14.1
90
483,483
3,152,464
7,251,945
7
25
134,301
875,685
8,127,631
8.1
1N18-1
01/18/94
10
22.5
253,699
172,312
316,613
0.3
35
188,021
127,704
132,630
0.1
02/6794
144
502.5
518,320
5,069,418
19,158,856
19.2
85
456,623
5,210,324
13,337,955
13.3
*IN-20
01/20/94
24
70.5
267,408
435,896
956,057
1.0
40
214,881
350,273
833,176
0.8
IN-19
01/19/94
24
46.5
124,870
203,548
520,161
0.5
40
214,881
350,273
482,903
0.51
IN14
02/14
144
646.5
478,169
4,676,722
23,835,578
23.8
84
451,251
5,149,027
18,486,982
18.5
removal based on PID measurements was 18.5 Kg. The lower mass removal estimate may be
due to the calibration of the PID to isobutylene, and the lower photoionization sensitivity of
TCE.
Figure 4-11 presents a graph of the cumulative total mass of TCE removed from the pilot
cell over the course of the pilot test. It shows that the rate of removal was consistent once
sparging was initiated. The rate of TCE removed during the test was 37 grams per hour over
the 646 hours of operation. The summa canister data represents some of the most reliable data
collected during the pilot test. The whole air sampling method also allows for compound-
specific quantification of VOCs from the sample. Included in the plot on Figure 4-11 is an
estimate of total VOC removal based on PID measurements of the vapor stream. These data
confirm the mass removal estimate based on summa canister samples and show that a PID can
be used to quantify VOC mass removal.
PID measurements of the airstream during the shallow sparging test rose steadily from
a low of 0.8 ppmv on January 17, 1994, to a maximum concentration of 148 ppmv on January
24, 1994. After January 24, 1994, PID concentrations decreased to between 70 and 80 ppmv
for the remainder of the test. These data are presented in Table 4-14. The arithmetic mean PID
concentration measured in the airstream after the blower was 76 ppmv.
Two 160-pound carbon units were connected in series and the concentration of volatiles
in the airstream after each carbon unit was measured with a PID. Measurements after the first
carbon unit remained below 2 ppmv for the first week of the test, then increased to 56 ppmv on
January 28, 1994. A new carbon unit was installed on February 7, 1994. The spent carbon unit
was replaced with the second carbon unit, and the new carbon unit was placed into the second
position. After the carbon unit was replaced, the PID measurement after the first carbon unit
was 0.0 ppmv. By the end of the test, the PID measurement after the first carbon unit rose to
55 ppmv. Effluent from the second carbon unit remained below 1 ppmv throughout the test.
Carbon treatment system removal efficiency of VOCs was greater then 98% as exhibited by
summa canister data.
4.2.2 Soil Gas Monitoring
Soil gas monitoring was performed using a PID and by collecting charcoal tube samples.
The results of soil gas monitoring are presented in the following two sections.
FIGURE 4-11
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TABLE 4-14
Shallow Sparging Test
Treatment System PID Data (ppmv)
.......................................
.. .. . .. . ... ............. .... . ... ..... - -- - I  -....... .................
................................................ ..... ....... ......
...... ................. ...........
........... ........................ .........................
1-19-94 1-20-94
.... ... ....
. ............
4
.......................... :.: . .....I I .: .... ...
9am 12:15.pm 11:50am 2:40 pm 4 pm 9:15am
eat NM NM 4.0 NM 11.9 30 NM NM 78 NM
NM NM 0.8 NM 4.3 28 NM NM 96 NM
NM NM NM NM 6.1 NM NM NM 92 NM
U U 0.8 4.5 5.9 36 40 52 90 148
U U U U 0.7 0.5 0.2 0.4 1.6 0.4
A2 U U U U 0.7 0.7 0.2 0.4 0.6 0.4
..........
... ......... ...................... .........
............ .............
......... .. .-
........... .
........................................  ...........
................
2-14-94- axiMUM::::
..............
.................
..................
..............
Minimum Arithmetic
Mean
Geometric
Mean
Coetf. oE
Variation
sL58 NM 52 2.0 78 2.0 33.7 18.2 0.9
g 48 NM 20 1.8 96 0.8 28.4 10.7 1.2
eo w 56 NM 40 NM 92 6.1 48.5 33.5 0.7
Afe 2oe 78 70 85 84 148 U 49.6 12.4 0.9
At"rCa"n'0 56 13 U 55 56 U 9.1 0.5 2.2
A Cn2 0.8 U U 0.3 0.8 U 0.3 0.2 0.9
All PID results are total VOCs in ppmv.
U - not detected at a detection limit of 0.1 ppmv.
NM - no measurement taken
To calculate arithmetic mean, geometric mean & coefficient of variation, 0.05 ppmv was used for non-detect values.
...... ....
No-ohm
...........
.... .......... ..............I ......
............. .....
.............
. ........... 1,1&94
...............
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Soil Gas Monitoring by PID
Vacuum Step Test
Volatile organics were measured with a PID in vapor monitoring probes prior to the
vacuum step test. Readings of 1.8, 26, and 0.0 ppmv were measured in VMP-1, VMP-2, and
VMP-3 respectively. At the conclusion of the test volatile organics were also measured with a
PID at the vapor monitoring probes. PID readings were 1.4 ppm or less. The PID reading in
probe VMP-2 decreased from 26 ppmv at the beginning of the test to 1.4 at the end of the test
five hours later. The PID data results for the vacuum step test are presented in Table 4-15.
Shallow Sparging Test
The results of PID measurements performed during the shallow sparging test are
presented in Table 4-16. PI) measurements collected from vapor monitoring probes inside the
pilot cell, VMP-1, VMP-2, and VMP-3, indicated a high variation in the vapor VOCs. Initially,
PID measurements at VMP-1 were low, but increased from 0.8 ppm on the first day of the test
to 190 ppm twenty-one days into the test. The initial PID measurement at VMP-2 was 20 ppm,
it peaked at 150 ppm on the third day of the test and ranged from 0.4 - 52 ppm thereafter. PID
measurements at VMP-3 were initially low, 0.8 ppm, and remained so for the duration of the
test. Vapor monitoring probe VMP-3 is located adjacent to the vacuum extraction piping which
may account for the lower PID readings at this location.
Figure 4-12 presents the arithmetic mean PID readings from the three vapor monitoring
probe inside the pilot cell, VMP-1, VMP-2, and VMP-3. The figure shows a decrease in VOCs
in response to the vacuum step test on January 14, 1994. The first data point collected prior to
the shallow sparging test on January 17, 1994 indicates that VOCs in the vadose zone recharged
during the three days between the two tests. Upon activation of the vacuum system and the
shallow sparger, the PID measurements decreased initially on the first day, followed by a rise
of VOC concentrations. The PID measurements show elevated readings over the course of the
shallow sparging test. Following the shallow sparging test, VOCs in the three probes decreased
until the deep sparging test was performed. The deep sparging test is discussed in Section 4.3.
4.2.2.1
TABLE 4-15
Vacuum Extraction Step Test
PI) Data (ppmv)
January 14, 1994
PRE. STEST VACUUM STEP TEST
Monitoring Point 1-13-94 1-14-94
9 am.2 pm
VMP-1 1.1 1.8 0.8
VMP -2 37 26 1.4
VMP-3 U U 0.1
VMP 4 U -- U
VMP-5 U -- 0.3
VMP-6 1.8 -- 1.2
VMP-7 U U
Maximum 37 26 1.4
Minimum U U U
Arithmetic Mean 5.73 9.28 0.56
Geometric Mean 0.33 1.33 0.27
Coefficient of Variation 2.41 1.56 1.03
NP-IS 500 
-- 2.2
NP-ID 1.4 
-- 25
NP-2S 10.2 
-- 3.8
NP-2D 4.1 
-- 38
NP-3S U -- 20
NP-3D U -- 32
NP-4S U 
-- 10.5
NP-4D U 
-- 23
NP-5S U 
-- 12.5
NP-5D U 
-- 24
NP-6S U -- 13.8
NP-6D U 
-- 36
NP-7S 4.3 
-- 10.5
NP-7D 0.1 -- 5.6
Maximum 500 38
Minimum U 2.2
Arithmetic Mean 37.2 18.4
Geometric Mean 0.35 14.0
Coefficient of Variation 3.6 ._0.6
All PID results are total VOCs in ppmv.
-- No measurement taken
U = Not detected at detection limit of 0.1 ppmv
To calculate arithmetic mean, geometric mean & coefficient of variation, 0.05 ppmv was used for non-detect value
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FIGURE 4-12
PID concentrations- vapor probes inside pilot cell (screened O'-2')
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PID measurements collected from vapor monitoring probes outside the pilot cell, VMP-4,
VMP-5, VMP-6, and VMP-7 were less reflective of subsurface conditions once the probes
flooded or were blocked with ice. All four vapor monitoring probes had initially low PID
measurements (0.5-3.7 ppm), with VMP-6 exhibiting the highest concentrations. VMP-4 and
VMP-5 each reached a maximum concentration of 12 ppm seven and twenty-one days into the
test, respectively. During the early stages of the shallow sparging test, PID measurements from
vapor monitoring probes VMP-6 and VMP-7 ranged from 0.4 - 3.7 ppm. However, after the
fourth day of the test the concentrations of VOCs in VMP-6 and VMP-7 rose to 15 and 34 ppm,
and then to 70 and 138 ppm on the sixteenth day of the test. Measurements ranging from 13.0
to 70 ppm were recorded during the remainder of the shallow sparging test.
After the sparging system was activated, nested piezometer PID measurements on the
first day of the test ranged from 1.4 to 118 ppm in the shallow piezometers and from 23 to 122
ppm in the deep piezometers. By the fourth day of the test, VOC measurements decreased,
ranging from 0.4 to 11 ppm in the shallow wells and from 0 to 1.8 ppm in the deep wells. By
the end of the shallow sparging test, PID measurements increased to concentrations similar to
the early stages of the shallow sparging test.
Figure 4-13 presents the arithmetic mean concentration of VOCs in the headspace of the
three shallow piezometers closest to the sparger, NP-iS, NP-2S, and NP-3S. The figure shows
a rapid decrease of VOCs in response to air sparging as a result of VOC removal in groundwater
in the piezometers. A similar response is shown for the deep sparging test. The deep sparging
test is discussed in Section 4.3.
Recovery Period
During the recovery period, total VOC concentrations were measured within selected
vapor monitoring probes. Three rounds of air measurements were obtained: February 15, 17,
and 21, 1994. Total VOC concentrations in air are summarized in Table 4-17. During the
recovery period, arithmetic mean total VOC concentrations declined from 16 to 5 ppmv in the
vapor monitoring probes. The highest PID readings (68 and 56 ppmv) were obtained from
monitoring probes VMP-1 and VMP-7, respectively. VMP-1 is located in the center of the pilot
cell area and VMP-7 is located north of the pilot cell boundary.
Vapor monitoring probe PID measurements taken during the recovery period are
generally consistent with measurements taken during the baseline sampling and during the
shallow sparging test, with most of the highest concentrations recorded in VMP-1 and VMP-2.
FIGURE 4-13
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TABLE 4-17
In Situ Volatilization Pilot Study
Recovery Period PID Data (ppmv)
Monitoring Point 2/5/94 02/17/94. 02/21/94
VM-1 68 24 17.6
VMP-2 4.0 19.2 14.4
VMP-3 0.8 0.2 U
VMP-4 6.0 5.0 2.0
VMP-5 U 1.4 0.2
VMP-6 NM NM 0.5
VMP-7 ice 56 1.4
Maximum 68 56 17.6
Minimum U 0.2 U
Arithmetic Mean 15.8 17.7 5.2
Geometric Mean 2.3 5.8 1.2
Coefficient of Variation 0.2 1.3 1.1
NP-iS 30 U 3.9
NP-ID NM 8.0 0.2
NP-2S 8.2 2.0 2.6
N-2D 1.5 0.4 U
NP-3S 1.2 2.0 0.5
NP-3D 14 6.9 1.9
NP-4S 15 8.6 0.3
NP-4D 22 2.4 U
NP-5S 39 46 10
NP-5D 40 14.8 3.8
NP-6S 8.5 2.1 0.6
NP-6D 10 3.6 1.0
NP-7S 5.5 5.7 2.2
N PD 13 6.2 0.4
Maximum 40 46 10
Minimum 1.2 U U
Arithmetic Mean 16 7.8 2.0
Geometric Mean 10.5 3.3 0.8
Coefficient of Variation 0.8 1.5 1.4
All PID results are total VOCs in ppmv.
ice = Ice clogging probe
NM = Not measured
U = Not detected at detection limit of 0.1 ppmv
To calculate arithmetic mean, geometric mean & coefficient of variation, 0.05 ppmv was used for non-detect values
Arithmetic mean total VOC concentrations in the piezometers remained at levels observed
during the middle and latter stages of the shallow sparging test. The arithmetic mean
concentrations ranged from 2 to 16 ppmv, well below the levels measured at the beginning of
the shallow sparging test. The highest PID readings (40 and 46 ppmv) were obtained from
piezometers NP-5S and NP-5D, located northwest of the pilot cell boundary.
Summary
Results of PID monitoring indicate a removal of VOCs within the pilot cell in response
to vacuum extraction and increased removal during air sparging. The data show that the
majority of the VOCs generated by air sparging were captured in the vacuum collection system.
A rise of VOCs in vapor monitoring probes outside the pilot cell suggests that the radius of
influence of the sparger was greater than the fifty-foot width of the pilot cell. Headspace data
from nested piezometers are representative of groundwater conditions within the piezometer
rather than within soil gas in the vadose zone. PID measurements in the shallow piezometers
closest to the pilot cell indicate a removal of VOCs from groundwater as a result of air sparging.
4.2.2.2 Soil Gas Monitoring by Charcoal Tubes
Vapors were extracted from the vapor monitoring probes and analyzed for VOCs using
charcoal tubes. The dominant VOC detected was TCE. Table 4-18 presents a data summary
of TCE concentrations measured from the charcoal tubes. Charcoal tube samples collected from
vapor monitoring probes VMP-1 and VMP-2 inside the pilot cell varied considerably over the
course of the pilot test. This is likely due to air outside the pilot cell leaking through seams in
the liner. In VMP-1, TCE concentration in soil gas increased from below detection limits before
the test to 415 ppm on the sixteenth day of the test. Soil gas TCE concentrations behaved in a
similar fashion in VMP-2, rising to 130 ppm on the sixteenth day of the test. The TCE
concentrations measured in vapor monitoring probe VMP-3 ranged from below detection limits
to 1.20 ppm. Chloroform, 1, 1-dichloroethane, 1 ,2-dichloroethane, 1,1, 1-trichloroethane, and
tetrachloroethene were not detected in vapor monitoring probes VMP-1, VMP-2, and VMP-3.
Of the charcoal tube samples collected from vapor monitoring probes outside the pilot
cell, vapor monitoring probe VMP-4 exhibited an increase of TCE concentrations over the first
three days of the pilot test. Soil gas TCE measurements in this probe rose from 0.78 ppm on
the first day of the test to 11.0 ppm on the third day. Measurements ranged from 8.8 to 18 ppm
in probe VMP-4 for the remainder of the test. Soil gas TCE concentrations in probes VMP-5,
TABLE 4-18
Carbon Tube TCE Data Summary (ppmv)
-- No sample collected
U = Not Detected at detection limit of 0.006 ppmv
To calculate arithmetic mean, geometric mean & coefficient of variation, 0.003 ppmnv was used for non-detect values.
aselin Shallo Sparn Test
_ _01/13/94 01/17/94 01/19/94 01/21/94 : 01/24/94 1 01/28/94 02/0194 03021794 1 /1 /4
VMP-1 -- -- U 3.26 -- -- 415.25 -- --
VMP-2 -- -- 2.61 -- -- 2.60 130.04 0.01 --
VMP-3 0.03 U -- -- 1.20 0.27 -- --
VMP-4 0.57 0.78 11.00 8.79 12.30 13.00 17.83 15.34 0.68
VMP-5 U U U U 0.06 0.01 0.01 0.02 --
VMP-6 0.35 0.24 U 0.05 -- -- -- -- --
VMP-7 0.01 0.01 -- 0.02 -- -- -- -- --
Maximum 0.57 0.78 11.00 8.79 12.30 13.00 415.25 15.34 0.68
Minimum U U U U 0.06 0.01 0.01 0.01 0.68
Arithmetic Mean 0.19 0.26 2.27 2.42 6.18 4.20 112.68 5.12 -
Geometric Mean 0.05 0.05 0.04 0.15 0.86 0.80 5.19 0.16 -
Coefficient of Variation 1.3 1.4 1.9 1.6 1.4 1.4 1.6 1.7 -
and VMP-7 did not rise above 0.06 ppm. At probe VMP-6, the TCE concentration was 0.35
ppm prior to initiating the sparging test, and decreased to 0.05 ppm four days into the shallow
sparging test. Subsequent measurements were not made at VMP-6 due to icing and flooding
conditions within the soil vapor probe. Chloroform, 1,1-dichloroethane, 1,2-dichloroethane,
1,1,1-trichloroethane, and tetrachloroethane were not detected in vapor monitoring probes VMP-
4, VMP-5, VMP-6, and VMP-7.
Charcoal tube samples collected from vapor monitoring probes within the pilot cell
showed an increase in TCE concentration in soil gas over the course of the pilot test. Outside
the pilot cell, TCE concentrations in soil gas increased or remained constant. The geometric
mean concentration of TCE in the sampled vapor monitoring points increased during the pilot
test with a decrease at the end of the test. This trend is consistent with total VOC measurements
made using a PID. VOCs other than TCE including chloroform, 1,1-dichloroethane, 1,2-
dichloroethane, 1,1,1-trichloroethane, and tetrachloroethene were not detected in any vapor
monitoring probes using charcoal tubes.
4.2.3 Groundwater Monitoring
Groundwater monitoring consisted of water level measurements and groundwater quality
sampling. Groundwater samples were analyzed in the field for physical parameters and in the
laboratory for VOCs and metals.
4.2.3.1 Water Levels
Vacuum Step Test
During the vacuum step test water levels were measured in the nested piezometers and
nearby monitoring wells. The water level results are presented in Table 4-19. At the first
vacuum step approximately one hour into the test, the water levels within the nested piezometers
and the wells remained nearly unchanged (within 0.04 ft.). Larger magnitude water level
changes were recorded in three monitoring points during the second vacuum step at NP-7S,
BOW-13, and BSW-13. Water levels at the other eighteen monitoring points were within the
ranges recorded during the first vacuum step. The largest change in water level during the
vacuum step test was a rise of 0.21 feet in well BSW-13. The arithmetic mean water elevation
during the vacuum step test remained within 0.01 feet of the elevation recorded prior to the test.
NP-iS
NP 71D
NP-2S
NP-2D
NP-3S
NP-3D
NP-4S
NP4D
NP-5S.
NP-5D
NP-6S
NP-6D
NP-7S
NP47D
Measuring Pt.
Elevation
48.40
48.48
48.67
48.62
48.62
48.54
47.94
47.88
47.37
47.48
48.13
48.06
49.31
49.26
I - Water Level (ft.msj)
Before Test
43.63
43.59
43.58
43.57
43.64
43.64
43.66
43.67
43.67
43.67
43.63
43.62
43.65
43.61
Step 1 Step 2
43.64
43.63
43.60
43.61
43.62
43.61
43.66
43.71
43.68
43.70
43.62
43.61
43.64
43.64
43.62
43.62
43.58
43.59
43.60
43.63
43.62
43.67
43.67
43.71
43.60
43.61
43.58
43.63
Maximum 49.31 43.67 43.71 43.71
Minimum 47.37 43.57 43.60 43.58Arithmetic Mean 48.34 43.63 43.64 43.62
Geometric Mean 48.34 43.63 43.64 43.62Coefficient of Variation 0.01 0.00 0.00 0.00
BOW-13 48.65 43.59 43.59 43.47BSW-13 49.41 43.57 43.59 43.78BCW-13 47.81 43.64 43.64 43.64BW-13R 49.23 43.67 43.68 43.67BSSW-15 46.75 43.56 43.56 43.54BOW-15 46.41 43.57 43.58 43.56BW-15R 46.91 43.61 43.62 43.61Maximum 49.41 43.67 43.68 43.78Minimum 46.41 43.56 43.56 43.47Arithmetic Mean 47.88 43.60 43.61 43.61Geometric Mean 47.87 43.60 43.61 43.61Coefficient of Variation 0.03 . 0.00 0.00 0.00
_
TABLE 4-19
Water Level Measurement Data (ft msl)
Vacuum Step Test
Shallow Sparging
Table 4-20 presents the water level measurement data collected during the shallow
sparging test. Water levels in nested piezometers and groundwater monitoring wells screened
below the water table did not change appreciably in response to operation of the pilot system.
A limited number of water level measurements were made in vapor monitoring probes. During
the operation of the pilot test, the majority of the probes were either above the water table or
blocked by ice.
To determine the effect of the blower and the sparger on water levels, water levels were
measured under static conditions, with only the sparger operating, with only the blower
operating, and with both the sparger and the blower operating. No significant rise in the water
table or increase in water entrained in the vapor extraction system was recorded as these
modifications to system operation were implemented. Operation of the pilot system was not
affected by artificial water table rise by the entrainment of water into the vacuum collection
system.
4.2.3.2 Groundwater Physical Parameters
The groundwater physical parameters measured included dissolved oxygen, temperature,
pH, and specific conductivity. Dissolved oxygen is not a parameter that is directly related to
the remediation of TCE, but is an indirect indication of where air sparging is active. As such,
dissolved oxygen does provide an indicator of where TCE removal is occurring. Since dissolved
oxygen data can be collected relatively quickly in the field, this parameter is useful in evaluating
the performance of the pilot system. Results of these measurements are discussed in the
following sections.
Dissolved Oxygen - Shallow Sparging Test
The dissolved oxygen levels measured during the sparging test are presented in Table 4-
21. Dissolved oxygen levels on the first day of the test in the nested piezometers ranged from
0.3 to 4.6 mg/L. By the second day of the test, dissolved oxygen levels in NP-IS and NP-2S
had reached saturation levels. By the third day of the test, dissolved oxygen in NP-1D had also
reached saturation. On the third day of the shallow sparging test there were significant increases
of dissolved oxygen in most of the nested piezometers. Both deep and shallow piezometers were
affected. The arithmetic mean concentration of dissolved oxygen measured in the nested
piezometers and monitoring wells rose from 1.1 mg/L at the start of the shallow sparging test
TABLE 4-20
Water Level Measurement Data (ft msl)
Shallow Sparging Test
DAIE 1-17-94. 1-18-94 1-19-94 1-20-94 1-21-94 1-24-94 1-28-94 2-1-94BLOWER off on 
- on on on on off off off on, offSPARGER off on on on on on off off on off offNP-S 43.57 43.67 44.85 44.61 43.50 44.21 43.58 43.48 44.64 43.96 44.11NP-D 43.57 43.60 44.84 44.60 44.78 44.07 43.88 43.68 44.16 44.04 44.07NP-2s 43.52 43.56 45.12 sorging surging surging 43.70 43.49 surging 43.95 44.04NP-2D 43.54 43.55 45.79 44.57 44.28 44.03 43.82 43.61 44.16 43.98 44.02NP-3S 43.57 43.64 44.81 44.59 43.22 48.62 44.22 43.24 surging 43.91 44.11NP-3D 43.56 43.57 44.83 44.60 44.00 44.04 43.04 43.63 44.17 44.02 44.06NP-4S 43.60 43.63 44.91 44.64 43.84 44.17 43.79 43.40 44.33 43.93 44.15N1-4D 43.60 43.63 44.87 44.64 44.10 44.08 43.84 43.67 44.19 44.09 44.09NP-5S 43.59 43.62 45.02 44.65 44.19 44.11 43.76 43.74 44.25 43.99 44.13NP-5D 43.62 43.65 45.11 44.68 44.20 44.11 43.85 43.73 44.22 44.10 44.13NP-OS 43.55 43.59 44.79 44.58 43.81 44.19 43.84 43.43 44.25 43.93 44.07NP-6D 43.54 43.56 44.82 44.59 44.10 44.04 43.78 43.61 44.15 44.01 44.05NP-7S 43.58 43.60 44.76 44.71 44.38 44.22 44.09 43.83 44.45 43.86 44.19NP-3D 43.57 43.70 44.83 44.66 44.35 44.10 43.90 43.70 44.22 44.03 44.09Maximnum 43.62 43.70 45.79 44.71 44.78 48.62 44.22 43.83 44.64 44.10 44.19Minimum 43.52 43.55 44.76 44.57 43.22 44.03 43.50 43.24 44.15 43.86 44.02Arithmetic Mean 43.57 43.61 44.95 44.62 44.06 44.46 43.85 43.60 44.27 43.99 44.09Geometric Mean I 43.57 43.61 44.95 44.62 44.06 44.45 43.95 43.59 44.27 43.98 44.09Coeflicient of Variation t 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BOW-13 43.50 43.50 44.62 44.76 44.34 44.42 43.79 43.76 44.79 43.62 44.27BSW-13 43.49 43.51 44.76 44.60 43.60 44.00 43.80 43.57 44.10 43.95 43.99BCW-13 43.55 43.56 44.87 44.64 44.30 44.05 43.41 43.66 44.14 44.06 44.08
- W-13R 43.56 43.59 44.91 44.67 44.33 44.08 43.86 43.70 44.19 44.11 44.1213SSW-15 43.46 43.48 44.70 44.54 44.02 43.97 43.69 43.59 44.11 43.88 43.97DOW- 5 43.49 43.50 44.75 44.56 44.07 43.96 43.71 43.58 44.06 43.95 43.98BW-15R 1 43.53 43.55 44.83 44.61 44.16 44.02 43.76 1 43.62 44.13 44.03 44.06Maximum 43.56 43.59 44.91 44.76 44.34 44.42 43.86 43.76 44.79 44.11 44.27Minimun 43.46 43.48 44.62 44.54 43.60 43.96 43.41 43.57 44.06 43.62 43.97Aritlunctic Mean 43.51 43.53 44.78 44.63 44.12 44.07 43.72 43.64 44.22 43.94 44.07Geometric Mean 43.51 43.53 44.78 44.63 44.12 44.07 43.72 43.64 44.22 43.94 44.07Coefficient of Variation 0.0 0.0 0.0 0...0 
_0. 0.0 
_ 0.0 0.0 0.0 0.0 0.0
VMP'-I 
-- 
-- 
- 45.02 
-
- -
-
- -VMP-2 
-
-- 44.17 44.43 44.07 43.76 44.32 
- 45.11 
-- 44.14VMP-3 
-
-- 44.61 44.62 44.32 44.93 44.43 
- 44.62VMP-4 
-- 
-- 
-
-- 
-VMP-5--- 
-- 
-
VMP-6 
-
-- 44.63 
-
-- 45.13 45.13 
-
-- 
-
VMP-.7 
-- -- 44.70 
.- 
- - 4 60 4.6 
-- 
-- 
--
56
-- No water level measurement made
surging - Water was surging ot of the well when the cap was removed
TABLE 4-20 (cont'd)
Water Level Measurement Data (ft msl)
Shallow Sparging Test
DATE 2794 
-14-04 2.15-94 2- 17 4 2-21-94 2-28-94 3-9-94
IlLOINTR s on off off off OE Orr off off offWE 1n n of of on f off-SPARGER on on o off off 
- off
NP-IS surging surging 43.58 43.72 surging 43.63 43.58 44.21 43.78 44.22
NP-IMD 43.71 43.76 43.65 43.67 surging 43.61 43.56 44.18 44.06 44.27
NP-2S surging surging 43.54 43.65 surging 43.56 43.52 44.16 43.71 44.16
NP-2D 43.65 43.70 43.60 43.65 surging 43.57 43.52 44.19 43.72 44.17
NP-3S 43.73 surging 43.57 43.73 43.54 43.62 43.59 44.21 43.77 44.20
NP-3D 43.69 43.72 43.65 43.68 43.60 43.57 43.56 44.19 43.75 44.19
NP-4S 43.70 43.07 44.57 43.76 43.61 43.64 43.60 44.22 43.05 44.23
NP.-4D 43.72 43.77 43.70 43.70 43.65 43.64 43.58 44.20 43.73 44.22
NP-5S 43.69 43.82 43.63 43.75 43.66 43.66 43.61 44.33 43.79 44.22
NP-5D 43.75 43.78 43.71 43.74 43.70 43.66 43.60 44.25 43.82 44.26
NP-6S 43.68 43.76 43.58 43.74 43.59 43.61 43.56 44.18 43.75 44.18
NP-6D 43.68 43.71 43.64 43.62 43.61 43.57 43.53 44.19 43.74 44.18
NP-7S 43.67 43.99 43.55 43.75 43.64 43.55 43.58 44.30 43.79 44.26
NP-7D 43.70 43'.78 43.64 43.68 43.61 43.60 43.57 44.23 43.78 44.24
Maximum 43.75 43.99 44.57 43.76 43.70 43.66 43.61 44.33 44.06 44.27
Minimiumi 43.65 43.70 43.54 43.62 43.54 43.55 43.52 44.16 43.71 44.16
Arithmetic Mean 43.70 43.79 43.69 43.70 43.62 43.61 43.57 44.22 43.79 44.21
Geometric Mein 43.70 43.79 43.69 43.70 43.62 43.61 43.57 44.22 43.79 44.21
Coeflcient of Variation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BOW-13 43.65 44.27 43.35 42.90 43.53 43.63 43.52 44.24 43.74 44.24S\W-13 43.65 43.66 43.56 43.60 43.57 43.53 43.50 44.12 43.70 44.12
B3CW-13 43.70 43.71 43.66 43.67 43.63 43.60 43.57 44.22 43.76 44.23
BNW-13R 43.72 43.75 43.70 43.72 43.65 43.64 43.60 44.28 43.31 44.28
BSSW-15 43.58 43.68 43.54 43.60 43.52 43.52 43.46 44.09 43.67 44.09
BOW-15 43.60 43.65 43.58 43.61 43.55 43.53 43.49 44.12 44.00 44.11
BW715R 43.66 43.70 43.64 43.66 43.60 43.58 43.54 44.21 43.75 44.20
Maximum 43.72 44.27 43.70 43.72 43.65 43.64 43.60 44.28 44.00 44.28
Minimum 43.58 43.65 43.35 42.90 43.52 43.52 43.46 44.09 43.67 44.09
Arithmetic Mean 43.65 43.77 43.58 43.54 43.58 43.58 43.53 44.10 43.78 44.18
Geometric Mean 43.65 43.77 43.58 43.54 43.58 43.58 43.53 44.18 43.78 44.18
Coeflicient of Variation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
VMP-1 
-- 44.74 -
-- 
- -- --
VMP-2 
-- 44.84 44.31 
-- 44.30 
-- 
-- 44.10 
- 44.09
VMP-3 
-- 45.16 -- -- - -- 
-- -
VMP-4 
-
-- .-
VMP-5 
-- -- -- ~ 
--
VMP-6 
. - - - -- 
-- -
VMP-7 
. --. 
-
- -
- No water level measurement made
surging - Water was surging osa of the wel whnhe cap was removed
TABLE 4-21
Dissolved Oxygen Levels (mg/L)
Shallow Sparging Test
8794 194 1-18-94 1-19-94 1-20-94 1-21-94 1-24-94 128-94 2-1-94 2-7-94 2-14-949A5Sam 1:50pm 
__
NP-iS 0.5 1.2 12.0 saturation 8.9 7.3 7.9 10.7 7.8 12.3 9.1
NP-ID 0.4 2.7 5.7 11.6 10.6 9.1 10.1 saturation 9.1 saturation 6.3
NP-2S 0.4 2.7 10.8 saturation surging surging 4.2 6.7 5.1 8.9 5.6
NP-2D 0.4 3.0 0.6 0.6 7.0 0.0 1.0 0.5 0.3 0.6 0.4
NP-3S 1.5 1.0 0.3 2.7 1.5 8.0 2.7 9.0 0.9 4.3 6.9
NP-3D 4.6 4.0 0.5 6.7 7.0 5.3 4.9 6.8 6.0 4.5 0.4
NP-4S 0.8 0.8 0.3 5.0 3.6 4.3 5.8 4.4 frozen 7.5 1.9
NP-4D 0.3 1.4 0.4 5.0 -- 2.1 1.8 1.5 5.7 4.3 0.6
NP-5S 0.6 1.6 4.2 1.0 5.9 4.7 6.6 6.2 0.6 6.5 3.3
NP-SD 0.9 1.7 1.2 2.6 6.6 -- 6.4 6.0 3.2 2.4 1.1
NP-6S 0.6 0.5 0.7 3.8 4.3 3.6 3.8 0.4 2.3 3.7 1.2
NP-6D 0.5 1.1 1.8 5.5 1.5 5.5 2.1 1.2 4.7 0.4 0.7
NP-7S 1.6 1.1 0.5 1.7 -- frozen 1.3 0.4 0.3 3.3 0.7
NP-'7D 2.8 1 3.8 0.6 3.6 -- frozen 0.8 0.7 0.7 4.9 0.7
Maxinum. 4.6 4 12 saturation 10.6 9.1 10.1 saturation 9.1 saturation 9.1
Minimum 0.3 0.5 0.3 0.6 1.5 0.7 0.8 0.4 0.3 0.37 0.4
Aritlnetic Mean 1.1 1.9 2.8 4.2 5.7 5.1 4.2 4.2 3.6 4.9 2.8
Geometric Mean 0.8 1.6 1.2 3.2 4.8 4.2 3.3 2.4 2.1 3.5 1.6
Coefficient ofvatiation 1.1 0.6 1.4 0.7 0.5 0.5 0.7 0.9 0.8 0.7 1.1
147-94 1-17-94 1-18-94 1-19-94 1-20-94 1 -21-94 1-24-94 1-28-94 2-1-94 2-7-94 2-14-94
9,45 am pm 150 Do
BOW-13 0.6 0.4 1.6 12.0 5.7 6.8 1.8 1.8 0.2 1.4 4.9
BSW-13 0.9 0.7 3.1 3.0 0.6 0.3 0.4 0.4 0.2 0.4 0.4
BCW-13 3.4 7.6 5.7 12.6 6.7 7.4 7.7 9.7 5.6 5.1 1.3
BW-13R 3.3 3.4 0.3 5.4 2.7 2.6 2.1 1.9 1.3 1.3 0.4
BSSW-15 -- 0.2 -- 0.3 0,7 0.6 0.2 0.4 0.2 0.3 0.3
BOW-i5 6.3 7.0 - saturation 6.1 5.6 4.2 3,2 1.0 0.3 0.2
BW-15R 3.3 2.8 1- -- 1.6 -- 0.3 0.4 0.2 0.3 0.3
Maximzumau 6.3 7,6 5.7 saturation 6.7 7.4 7.7 9.65 5.6 5.1 4.9
Minimum 0.6 0.2 0.3 0.3 0.6 0.3 0.2 0.4 0.2 0.25 0.2
A ts- ic ticMean 3.0 3.2 2.7 6.7 3.4 3.9 2.4 2.5 1.2 1.3 1.1
Geometfic Mean. 2.2 1.6 1.7 3.7 2.4 2.3 1.2 1.3 0.5 0.7 0.6
Coefficieut of Variation 0.7 1.0 0.9 0.8 0.8 0.8 1.1 1.3 1.6 1.4 1.5
Aritaaetic Geometric Coef. of
NIaximtun Minimom Mean Mean Variation
saturation 0.5 7.8 5.7 0.5
saturation 0.4 7.3 5.4 0.5
saturation 0.4 5.6 4.1 0.6
7.0 0.3 1.4 0.8 1.5
9.0 0.3 3.5 2.3 0.9
7.0 0.4 4.6 3.4 0.5
7.5 0.3 3.4 2.4 0.7
5.7 0.3 2.3 1.5 0.9
6.6 0.6 3.7 2.7 0.7
6.6 0.9 3.2 2.5 0.7
4.3 0.4 2.3 1.6 0.7
5.5 0.4 2.3 1.6 0.9
3.3 0.3 1.2 0.9 0.8
4.9 0.6 2.1 1.5 0.8
Arithmetic Geometric Coef. of
Maximum Miimun Mean Mean Variation
12.0 0.2 3.4 1.8 1.1
3.1 0.2 0.9 0.6 1.2
12.6 1.3 6.6 5.8 0.4
5.4 0.3 2.2 1.7 0.7
0.7 0.2 0.4 0.3 0.5
saturation 0.2 3.8 2.2 0.7
3.3 0.2 1.1 0.6 0.9
-- no measurement recorded
Saturation - a recording of 12.8 mg/L or greater
Surging - data surged out of the well upon removal of the cap
Frozen - ice within the probe
to 5.7 mg/L on the third day of the test. Figures 4-14, 4-15, and 4-16 present dissolved oxygen
levels versus time graphs for nested piezometers NP-1, NP-4, and NP-7. Dissolved oxygen
levels increased at times to saturation levels in wells NP-IS and NP-1D, maintaining arithmetic
mean concentrations of 7.8 and 7.3 mg/L over the course of the pilot test. Following the
shallow sparging test, the dissolved oxygen concentration decreased in these piezometers until
the deep sparging test. Dissolved oxygen levels were less strongly influenced in nested
piezometers NP-4 and NP-7, with arithmetic mean values ranging from 1.2 to 3.4 mg/L.
Figure 4-17 presents the arithmetic mean dissolved oxygen concentration in all nested
piezometers in the pilot cell over time. The average dissolved oxygen levels during the air
sparging test increased to a maximum of 5.7 mg/L during the sparging test and decreased to 1.5
mg/L after the pilot test. The arithmetic mean dissolved oxygen concentration then increased
in response to deep sparging. The deep sparging test is discussed in Section 4.3. Figures 4-18
and 4-19 present dissolved oxygen concentrations in map view on January 19, 1994, when the
highest average dissolved oxygen measurements were recorded. Figure 4-18 presents the
dissolved oxygen concentration contour lines of the shallow piezometers. This figure shows that
almost the entire pilot cell was influenced by elevated dissolved oxygen. Figure 4-19 presents
the dissolved oxygen contour lines of the deep piezometers. This figure shows a less regular
distribution of dissolved oxygen, but clearly shows the influence of sparging on the deep
piezometers.
Dissolved Oxygen - Recovery Period
Groundwater samples were collected from piezometers NP-iD and NP-2S during four
rounds of groundwater sampling between February 15 and 28, 1994. Prior to each of the four
monitoring rounds, in situ dissolved oxygen concentrations were measured in fourteen nested
piezometers and seven monitoring wells. These results, the last measurement made during the
shallow sparging test, and the measurement made during comprehensive sampling on March 9,
1994 are shown in Table 4-22. Dissolved oxygen measurements made on February 15, 1994
were discarded due to instrument error. In general, a decline of in situ dissolved oxygen
concentration is seen during the recovery period. This is particularly apparent in shallow
piezometers and wells closest to the sparger. This decline is consistent with the decline recorded
during the latter stages of the shallow sparging test as shown in Figure 4-17.
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TABLE 4-22
Dissolved Oxygen Measurements (mg/L)
Recovery Period
I Well #
NP-IS
NP-ID
NP-2S
NP-2D
NP-3S
NP-3D
NP-4S
NP-4D
NP-5S
NP-5D
NP-6S
NP-6D
NP-7S
NP-7D
Sparging Test
02/14/94
9.1
6.3
5.6
0.4
6.9
0.4
1.9
0.6
3.3
1.1
1.2
0.7
0.7
0.7
Recvery Period
02/17/94 02/21/94 02/28/94
9.2
4.2
NM
0.2
7.1
NM
0.9
0.1
0.2
0.1
0.3
0.2
0.2
NM
6.2
2.5
4.4
0.2
1.8
0.1
1.2
0.2
1.6
0.3
0.4
0.2
0.3
0.9
2.8
1.6
2.,
2.1
1.6
0.8
2.8
0.7
4.1
2.9
1.7
0.5
2.8
4.3
1 Comprehensive Sampling
319/94
2.2
1.6
2.5
0.9
0.7
0.9
3.6
1.8
3.2
1.9
1.0
0.5
3.9
2.0
Maximum 9.1 9.2 6.2 4.3 3.9
Minimum 0.4 0.1 0.1 0.5 0.5
Arithmetic Mean 2.8 2.1 1.5 2.2 1.9
Geometric Mean 1.6 0.5 0.7 1.9 1.6
Coefficient of Variation 1.1 1.6 1.3 0.5 0.6
BOW-13 4.9 0.2 0.1 U 0.3
BSW-13 0.4 1.2 0.1 0.2 0.3
BCW-13 1.3 0.5 U 0.2 0.1
BW-13R 0.4 0.6 U 0.6 0.1
BSSW-15 0.3 0.3 0.1 0.1 0.2
BOW-15 0.2 0.1 0.1 0.1 0.1
BW-15R 0.3 0.1 U 0.3 1 0.1
Maximum 4.9 1.2 0.1 0.6 0.3
Minimum 0.2 0.1 U U 0.1
Arithmetic Mean 1.1 0.4 0.1 0.2 0.2
Geometric Mean 0.6 0.3 0.1 0.2 0.2
Coefficient of Variation 1.5 0.9 0.3 0.8 0.6
U = Not Detected at a detection limit of 0.1 mg/L
NM = Not Measured
To calculate arithmetic mean, geometric mean & coefficient of variation, 0.05 mg/L was used for non-detect values.
All concentration values in mg/L.
Throughout the recovery period, in situ dissolved oxygen measurements were slightly
higher in shallow versus deep monitoring points. As expected, the highest in situ dissolved
oxygen values were observed at the start of the recovery period in those monitoring points with
well screens closest to the sparging head of air sparging well S-2. This included nested
piezometers NP-1, NP-2, and NP-3. Elevated measurements were also observed in piezometers
NP-4S, NP-5S, and NP-6S as compared to the deeper piezometer at each of these locations.
Dissolved Oxygen - Comprehensive Sampling
One round of in situ dissolved oxygen measurements were obtained during comprehensive
sampling on March 9, 1994. In situ dissolved oxygen measurements are also provided in Table
4-22. In situ dissolved oxygen concentrations ranged from 0.1 to 3.9 mg/L. The arithmetic
mean dissolved oxygen concentration was 1.9 mg/L in the nested piezometers. These dissolved
oxygen measurements were similar to, but slightly less than, those measured during the baseline
monitoring events.
Dissolved Oxygen - Summary
Dissolved oxygen measurements during the shallow sparging test show a response to
operation of the sparging well. The response is evident within one to two days of sparging, and
is greatest in those monitoring points closest to the sparging well. Deep monitoring points and
shallow monitoring points at distance away from the sparging well were less affected. A decline
of in situ dissolved oxygen concentration is seen during the recovery period following the
shallow sparging test. This decline is consistent with the decline recorded during the latter
stages of the shallow sparging test. Figure 4-20 presents the arithmetic mean dissolved oxygen
concentration in nested piezometers NP-1, NP-2, and NP-3 over the course of the study. It
shows a rise in dissolved oxygen during the early and middle stages of the shallow sparging test.
A decline is then evident until the deep sparging test is operated on March 31 and April 1, 1994.
The relationship between sparging and dissolved oxygen is stronger in the shallow piezometer
of each nested pair as shown in Figure 4-21. For comparison, dissolved oxygen in wells that
are distant from the sparger and screened below it is presented in Figure 4-22. Here little or
no relationship between sparging and dissolved oxygen is apparent. These figures indicate a
radius of influence of approximately 20 feet or greater as defined by dissolved oxygen
measurements.
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Dissolved Oxygen Concentrations- wells >20 feet from sparger & screened below sparger
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Other Physical Parameters
Following well purging, groundwater physical parameter measurements consisting of
temperature, pH, and specific conductivity were taken during the recovery period prior to the
comprehensive sampling event on March 9, 1994. These are summarized in Table 4-23.
Groundwater temperature measurements ranged from 9.2 to 12.3 'C in NP-1D and from 7.6 to
10.3 *C in NP-2S. Groundwater specific conductivity measurements were similar during the
four rounds for each piezometer and ranged from 245 to 300 umhos/cm. pH measurements
were also similar and ranged from 5.8 to 6.7. These measurements were similar to those
measured during the baseline monitoring events.
Physical parameter measurements of temperature, pH, and specific conductivity were
taken after purging a minimum of three well volumes from each monitoring point. These
measurements are summarized in Table 4-24. Groundwater temperature measurements ranged
from 7.6 'C to 11.4 "C during the comprehensive sampling event. Groundwater specific
conductivity measurements ranged from 240 to 516 umhos/cm. pH measurements ranged from
5.8 to 6.9. Temperature, pH and specific conductivity measurements were similar to those
measured during the baseline monitoring events. Overall, temperature, pH and specific
conductivity measurements were similar to those measured during the baseline monitoring
events.
4.2.3.3 Groundwater VOCs
TCE in Groundwater - Shallow Sparging Test
During the shallow sparging test water samples were collected and analyzed for criteria
compound VOCs from NP-1D, NP-2S, NP-2D, NP-7S, NP-7D and BSW-13. TCE was the
dominant compound detected. Concentrations of TCE in the six wells during the shallow
sparging test are presented in Table 4-25.
Three piezometers, NP-iD, NP-2S, and NP-2D exhibited significant reductions in VOC
concentrations in the early stages of the pilot test, with concentrations remaining low for the
duration of the test. In NP-1D, the concentration of TCE in groundwater dropped from 72 pg/L
before the test, to 46 ptg/L on the first day of the shallow sparging test, to less than 3 pg/L after
two days of air sparging. Dissolved TCE at NP-1D then fluctuated between 2.9 pg/L and 24
pg/L for the remainder of the test. The concentration of TCE in NP-2S differed by two orders
of magnitude from baseline sampling to the first day of the test. Dissolved TCE in NP-2S then
- -- - -~
TABLE 4-23
In Situ Volatilization Pilot Study
Recovery Period Groundwater Physical Parameters
ITemperature JfConductivity
Date 1 Well # I (deg C) I pH 1 (us/cm)
02/15/94 NP-iD 10.1 6.7 293
NP-iS 8.2 6.5 245
02/17/94 NP-iD 10.6 5.8 291
NP-2S 8.7 6.4 278
02/21/94 NP-iD 12.3 6.0 299
NP-2S 10.3 6.2 300
02/28/94 NP-iD 9.2 6.0 271
NP-2S 7.6 6.3 274
[ ~Maximum J 12.3 6.7 300
Minimum 7.6 5.8 245
Arithmetic Mean 9.6 6.2 281
Geometric Mean 9.5 6.2 281
Coefficient of Variation 0.2 0.0 0.1
Measurements taken after purging a minimum of three well volumes.
TABLE 4-24
In Situ Volatilization Pilot Study
Comprehensive Sampling Groundwater Physical Data
~Temperature IConductivity
Well # I (dee C) pH1 (us/cm)
NP-IS 9.5 .64 289
NP-iD 11.3 5.9 278
NP-2S 8.7 5.8 282
NP-2D 10.4 5.8 282
NP-3S 8.6 6.8 260
NP-3D 10.8 6.3 289
NP-4S 9.1 6.5 293
NP-4D 11.5 6.2 340
NP-5S 7.7 6.6 266
NP-5D 11.0 6.2 297
NP-6S 9.3 6.4 285
NP-6D 11.2 6.2 389
NP-7S 7.8 6.7 238
NP-7D 9.3 6.4 273
Maximum 11.5 6.8 389
Minimum 7.7 5.8 238
Arithmetic Mean 9.7 6.3 290
Geometric Mean 9.6 6.3 288 -
Coefficient of Variation 0.1 0.0 0.1
BOW-13 8.4 6.7 243
BSW-13 9.2 6.6 240
BCW-13 10.7 6.9 516
BW-13 10.7 6.9 488
BSSW-15 9.4 6.7 250
BOW-i5 11.3 6.4 417
BW-15R 11.4 6.8 350
Maximum 11.4 6.9 516
Minimum 8.4 6.4 240
Arithmetic Mean 10.2 6.7 358
Geometric Mean 10.1 6.7 341
Coefficient of Variation 0.1 0.0 0.3
Measurements taken after purging a minimum of three well volumes.
TABLE 4-25
Groundwater TCE Concentrations (ug/L)
Shallow Sparging Test
Location.. an 17, 1994 Jan 19, 1994 Jan 21, 1994 Jan 28, 1994 Feb 7, 1994 Feb 14, 1994
NP-ID 46 U 2.9 24.4 22.2 16.2
NP-2S 1,100 6.6 3.7 6.9 4.8 13.5
NP-2D 70 9.3 25 24.7 15.6 21.2
NP-7S 1.' 16.8 19 15.9 8.5 8.9
NP-7D 88 94 19 66 32.4 66.4
BSW-13 164 139 155 169 100 156
Maximum 1,100 139 155 169 100 156
Minimum 13.4 U 2.9 6.9 4.8 8.9
Arithmetic Mean 246.9 44.5 37.4 51.2 30.6 47.0
Geometric Mean 93.9 15.4 15.7 30.1 18.9 27.4
Coefficient of Variation 1 1.7 1 1.3 1 1.6 1.2 . 1.2 1.2 J1
Location Jan 17, 1994 Jan 19, 1994 Jan 21, 1994 Jan 28, 1994 Feb 7, 1994 Feb 14, 1994
NP-1D 46 U 2.9 24.4 22.2 16.2
NP-2S 1,100 6.6 3.7 6.9 4.8 13.5
NP-2D 70 9.3 25 24.7 15.6 21.2
Maximum 1,100 9.3 25 24.7 22.2 21.2
Minimum 46.0 U 2.9 6.9 4.8 13.5
Arithmetic Mean 405.3 5.6 10.5 18.7 14.2 17.0
Geometric Mean 152.4 3.9 6.4 16.1 11.8 16.7
Coefficient of Variation 1.5 0.8 1 1.2 1 0.5 0.6 0.2
Location Jan 17, 1994 Jan 19, 1994 Jan 21, 1994 Jan 28, 1994 Feb 7, 1994 Feb 14, 1994
NP-7S 13.4 16.8 19 15.9 8.5 8.9
NP-7D 88 94 19 66 32.4 66.4
BSW-13 164 139 155 169 100 156
Maximum 164 139 155 169 100 156
Minimum 13.4 16.8 19.0 15.9 8.5 8.9
Arithmetic Mean 88.5 83.3 64.3 83.6 47.0 77.1
Geometric Mean 57.8 60.3 38.2 56.2 30.2 45.2
Coefficient of Variation Q 0.9 0.7 1.2 1 0.9 1 1.0 1 1.0
U = Not Detected at a detection limit of 2 ug/L
To calculate the arithmetic mean, geometric mean & coefficient of variation for the 1/19/94 data set; 1 ug/L was used for the non-detect value.
All concentration values in ug/L.
A decrease in TCE concentration from 78 pig/L prior to the shallow sparging test to 13.4
pjg/L during the first day of the test was observed at NP-7S, with little change thereafter. No
influence of sparging on TCE concentrations was observed at NP-7D or BSW-13.
TCE in Groundwater - Recovery Period
Volatile organic compound analytical results for groundwater collected from piezometers
NP-1D and NP-2S during four rounds of groundwater sampling of the recovery period following
the shallow sparging test are summarized in Table 4-26. Similar to the previous monitoring
events, TCE was the predominant compound detected. The trend in TCE concentrations was
different for samples collected from the two piezometers. During the recovery period, TCE
concentrations declined in NP-iD and increased in NP-2S. Concentrations of TCE in these
piezometers over the entire pilot study are shown in Figures 4-23 and 4-24, respectively. TCE
concentrations in NP-1D decreased from 4.7 ptg/L at the end of the shallow sparging test to
below detection limits (less than 2 pig/L). Groundwater from NP-2S showed an increase in TCE
levels during the recovery period, from 21.3 ttg/L to 1,040 pg/L.
The behavior of TCE levels in groundwater in the vicinity of NP-2S can be described in
terms of a three-phase partitioning process. Under this scenario, a partitioning process involving
rapid sorption and desorption is presumed to be controlling the movement of TCE between the
immobile adsorbed soil particle phase, the mobile dissolved groundwater phase, and the air
phase. The three-phase partitioning process is described in greater detail in Section 5.0.
Prior to air sparging, a state of equilibrium existed between the adsorbed TCE phase and
the dissolved phase in the vicinity of NP-2S. During the air sparging process, dissolved phase
TCE was most likely stripped from the groundwater in the area around NP-2S at a rate faster
than the surrounding soils could desorb TCE. Once air sparging was discontinued, the
distribution of TCE in the aquifer system was in a state of non-equilibrium. Apparently, a
significant source of TCE existed in the soils within the vicinity of NP-2S. The large
concentration gradient between soil and groundwater apparently drove the adsorbed-phase TCE
from the soils and into the groundwater. This scenario would explain the increase in groundwater
TCE concentrations during the recovery period.
At piezometer NP-iD, the source of TCE absorbed to soil was apparently depleted. In
this case, no additional TCE was available to raise TCE concentrations in groundwater above
4.7 ptg/L.
TABLE 4-26
Recovery Period Groundwater VOC Concentrations (ug/L)
February 1994
$amnle [P NP-ID Arithmetic Geometric Coefficient.
Date Collected 02/15194 :2/17/94 02/21/94 02/28/94 Maximum Minimum Mean feai ofV in
VinylChloride < 1 U < 1 U < I U < I U U U - - -1,1-Dichloroethene < 2 U < 2 U < 2 U < 2 U U U - -1,1-Dichloroethane < 2 U < 2 U < 2 U < 2 U U U - - -t-1,2-Dichloroethene < 2 U < 2 U < 2 U < 2 U U U - - -
Chloroform < 2 U < -2 U < 2 U < 2 U U U - - -1,2-Dichloroethane < 2 U < 2 U < 2 U < 2 U U U - - -
1,1,1-Trichloroethane < 2 U 0.7 J 0.6 1 0.6 1 0.7 J U 0.7 0.7 0.3Trichloroethene 4.7 0.6 1 0.6 1 < 2 U 4.7 U 1.7 1.1 1.2
Tetrachloroethene < 2 U < 2 U < 2 U < *2 U U U - I -
Sansple [P . NP-2S. Arithmeti Geometric Coefficient
Date Collected 02/15/94 02/17/94. 02/21/94 02/28/94 Maximum Minimum Mean Mean of ariation
Vinyl Chloride < 1 U < 1 U < 20 DU < 25 DU U U 
-
1,1-Dichloroethene < 2 U < 2 U < 40 DU < 50 DU U U I1,I-Dichloroethane < 2 U < 2 U < 40 DU < 50 DU U U 
- -
t-1,2-Dichloroethene < 2 U 0.8 J < 40 DU < 50 DU 0.8 J U 11.7 4.5 1.1Chloroform 0.6 J 0.9 1 < 40 DU < 50 DU 0.9 1 U 11.6 4.1 1.11,2-Dichloroethane < 2 U < 2 U < 40 DU < 50 DU U U --
1,1,1-Trichloroethane < 2 U < 2 U < 40 DU < 50 DU U U - -
Trichloroethene 21.3 206 430 D 1040 D 1040 21.3 424 210 L.0
Tetrachloroethene < 2 U < 2 U < 40 DU < 50 DU U U I - - -
All VOC results are in ug/L.
U = undetected at the corresponding detection limit
I = estimated concentration below dse detection limit
D = sample diluted prior to analysis
To calculate arithmetic mean, geometric mean & coefficient of variation; half of the corresponding detection limit (ug/L) was used for non-detect values.
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TCE in Groundwater - Comprehensive Sampling
Volatile organic compound analytical results for the comprehensive sampling event are
summarized in Table 4-27. Consistent with previous monitoring events, TCE was the
predominant compound detected. Figure 4-25 presents a map view of the distribution of TCE
in groundwater in and around the pilot cell for the comprehensive sampling round. Cross-
sectional views of the TCE distribution in groundwater are shown in Figures 4-26 and 4-27.
Detectable concentrations of TCE in groundwater samples collected from monitoring points
screened in the overburden ranged from 2.0 to 237 g/L. The highest TCE concentrations
detected in overburden groundwater were obtained from monitoring points BSW-13 (236 pgIL)
and NP-2S (237 pg/L). Monitoring points BSW-13, NP-2S and BOW-13 are all located in the
southwest quadrant of the pilot cell area. Groundwater from the two bedrock monitoring wells
BW-13 and BW-15R had the highest concentrations of TCE at 357 pg/L and 9,680 pg/L,
respectively.
TCE in Groundwater - Comparison to Baseline Conditions
The concentrations of TCE in groundwater during the October 1993 baseline sampling
event were compared to samples collected during the comprehensive sampling event performed
after deactivation of the shallow sparging test. A summary of this comparison is presented in
Table 4-28. The geometric mean concentration of TCE in groundwater collected from all wells
within the pilot cell decreased from 12.8 to 6.9 pgIL. The influence of air sparging on TCE
is more apparent when the geometric mean concentrations of groundwater in wells and
piezometers less than twenty feet from the sparger during the October 1993 baseline are
compared to the samples collected after the shallow sparging test. The geometric mean
concentration of groundwater in these wells decreased from 38 to 13.1 pg/L. The geometric
mean concentration of TCE in overburden wells and piezometers greater than 20 feet from the
sparger remained the same at 4.3 Itg/L.
A subset of the wells sampled during the October 1993 baseline were sampled again in
January 1994, immediately prior to performing the pilot test. Six of the wells showing
measurable concentrations of TCE in October 1993 were selected for sampling in January 1994.
Four of these wells are located less than 20 feet from the sparging well and two, NP-7S and NP-
7D, are located 30 feet from the sparger. The geometric mean TCE concentration of
groundwater in these six wells was 97 ptg/L during January 1994 baseline sampling. The
geometric mean TCE concentration of the six wells in March 1994 immediately following the
pilot test was 20 pig/L. A comparison of the arithmetic mean of the TCE concentrations in
groundwater in January 1994 and March 1994 showed a similar, but less pronounced trend.
TABLE 4-27
In Situ Volatilization Pilot Study
Comprehensive Sampling Groundwater VOC Concentrations (ug/L)
March 1994
SamplctD NP-IS N-ID NT-2S NP-2D NI-NP-3 
-13D NT-4S NP-4D NP5SDateSampled OVM094 03094 30309/94 0309/94 03/09/94 03/10/94 03110/94/1
VinylChloride < I U < 1 U < 25 DU < I U < I U < I U < 1 U < 1 U < I UI,-Dichloroethene < 2 U < 2 U < 50 DU < 2 U < 2 U < 2 U < 2 U < 2 U < 2 U1,1-Dichloroethane < 2 U < 2 U < so DU < 2 U < 2 U < 2 U < 2 U < 2 U < 2 Ut-1,2-Dichloroethene < 2 U < 2 U < 50 DU < 2 U < 2 U < 2 U < 2 U < 2 U < 2 UChloroform < 2 U < 2 U < 50 DU < 2 U < 2 U < 2 U < 2 U < 2 U < 2 U1,2-Dichloroethane < 2 U < 2 U < 50 DU < 2 U < 2 U < 2 U < 2 U < 2 U < 2 U1,1,1-Trichloroethane < 2 U < 0.6 j < so DU < 2 U < 2 U < 2 U 0.7 j 0.6 J < 2 UTrichloroethene 9-6 1.2 .1 237 D 19.5 2.6 2.0 3.8 < 2 U 13.4Tetrachloroethene < 2 U < 2 U < 50 DU < 2 U < 2 U < 2 U 2 J< 2 U 
SampleID NP-5D NP-6S NP-6D NP-7S 1 NP-7 BOW-13 1 1W-13 C -YW-13Date Sa npled 03/10/94 03/10/94 03/10/94 03/09/94 03/09/94 03/11/94 03/09/94 03/11/94 . 03/11/94
VinylChloride < 1 U < 1 U < 1 U < 1 U < 1 U 12.3 < 10 DU < 2 DU < 5 DUl,l-Dichloroethene < 2 U < 2 U < 2 U < 2 U < 2 U < 10 DU < 20 DU < 4 DU < 10 DU1,1-Dichloroethane < 2 U < 2 U < 2 U < 2 U < 2 U < 10 DU < 20 DU < 4 DU < 10 DUt-1,2-Dichlorocthene < 2 U < 2 U < 2 U < 2 U < 2 U 2.9 JD < 20 .U < 4 DU < 10 DUChloroform K 2 UK 2 UK 2 U 1 K 2 UK 2 U 3.4 JD < 20 DU < 4 DU 10.7 D1,2-Dichloroethane < 2 U < 2 U < 2 U < 2 U < 2 U < 10 DU < 20 DU < 4 DU < 10 DU1,l,1-Trichloroethane < 2 U < 2 U < 2 U < 2 U < 2 U < 10 DU < 20 DU < 4 DU 6 DJTrichloroethene 0.7 J < 2 U 3:1 U 39 60.6 D 236 D 17.7 D 337 DTetrachloroethene < 2 U < 2 U < 2 U < 2 U < 2 U < 10 DU < 20 DU < 4 DU < 10 DU
Samletb SS-1 DO-1 B-15R Arithmetic Gemtric Coemfci' ULDate Samopled 03/9/94 03/10/94 03/94 94 M inimum Mean . Mean Variation
Vinyl Chloride < I U < 1 U < 250 DU 12.3 U 7.9 1.1 3.41,1-Dichloroethene < 2 U < 2 U < 500 DU U U
1,1-Dichloroethane < 2 U < 2 U < 500 DU U U
t-1,2-Dichloroethene < 2 U < 2 U < 500 DU 2.9 U 14.8 2.0 3.7Chloroform < 2 U < 2 U 448 JD 440 U 24.5 2.1 4.01,2-Dichloroethane < 2 U < 2 U < 500 DU U U 
- -
1,1,1-Trichloroethane 0.8 J < 2 U 162 JD 162 U 10.6 1.8 3.3Trichloroecthene 0.7 1 8.9 9680 D 9,680 U 500.7 11.3 4.1
Tetrachloroethene < 2 U < 2 U < 500 DU U U 
-
All vales are in ug/L
U m aol detected
1 - estimated by liboltory
D -eveue bastd un 3ample dieuion
shaded uc, sh-ve r.61-1 dvtedmh, ul
T'. Mdolhdle m rh i ...... ilmd l, 'I" n % 1,-,9len .1vonin Im.If - 1h 1", pox~g deio I,,," -I/1 1 u o d nivh~
TABLE 4-28
In Situ Volatilization Pilot Sudy Groundwater TCE Concentrations
Summary Statistics (ug/L)
OCTOBER 1993
Arithmetic Geometric Coeficient
WELL:DESCRIPTON Mui11m Mioimom Monn Moo of Variation
All wells and piezometers in pilot cell:
NP-ID, NP-IS, NP-2D, NP2S, NP-3D, NP-3S, 1,400 0.6 173 12.8 2.2NP-4D, NP-4S, NP-6D, NP6S, NP-7D, NP-7S,
BOW-13, BSW-13
All sampled wells and piezometers:
NP-1D, NP-iS, NP-2D, NP2S, NP-3D, NP-3S,
BSW-13, NP-4D, NP-4S, NP-5D, NPSS, NP-6D, 4,120 0.6 325 14.9 2.9NP-6S, NP-7D, NP-7S, BOW-13, BCW-13,
BW-13R, BOW-15, BSSW-15, BW-15R
All sampled overburden wells and plezometers:
NP-ID, NP-IS, NP-2D, NP2S, NP-3D, NP-3S, 1,400 0.6 129 9.6 2.6BSW-13, NP-4D, NP-4S, NP-5D, NPSS, NP-6D,
NP-6S, NP-7D, NP-7S, BOW-13, BCW-13,
BOW-15, BSSW-15
Well and piezometers < 20 feet from sparger:
NP-ID, NP-iS, NP-2D, NP2S, 1,400 0.6 336 
- 38 1.5NP-3D, NP-3S, BSW-13
We1 and piezometern > 20 feet from sparger:
NP-4D, NP-4S, NP-5D, NPSS, NP-6D, 30 0.6 9 4.3 1.2
NP-6S, NP-7D, NP-7S, BOW-13
JANUARY 1994
Aritbmetic Go uetric CoetfUlent]FL. DESCRIFqTON Maximum. Mlnimum *an Mfeau f'Vkriation
All sampled wells and piezometers:
NP-ID, NP-2D, NP2S, 484 30 148 97.3 1.1
BSW-13, NP-7D, NP-7S
Well and piezometers < 20 feet from sparger:
NP-ID, NP-2D, NP2S, BSW-13 484 30 185 113 1.1
Well and piezometers > 20 feet from sparger:
NP-7D, NP-7S 78 67 73 72 0.1
MARCH 1994
Arithmetic Geometric Coefficient
Maxinim Minimum Mean Mean of Variotion
237 0.7 42.9 6.9 2.0
9,680 0.7 509 11.3 4.1
237 0.7 34 6.6 2.1
237 1.2 72.6 13.1 1.5
68.6 0.7 12.2 4.3 1.6
MARCH 1994
Arithmetic Geometri Coeffcient
Madimun Minmum 
-InIonu Mean N16f of Variatiou
237 1.2 85.1 19.6 1.4
237 1.2 123 33.8 1.1
13.9 3.1 0.5 6.6 0.9
The groundwater TCE data represent some of the most reliable data collected during the
pilot test, particularly when data from wells are grouped together to reduce the variability of the
data. A comparison of TCE concentrations in groundwater from before the pilot test to after
shows an overall decrease in the concentrations of TCE in groundwater beneath the pilot cell.
This trend is particularly apparent in monitoring wells closest to the sparger. The greatest
declines in TCE concentrations were observed in monitoring points with screened intervals
closest to the air sparging injection point. These included monitoring points NP-IS, NP-iD,
NP-2S, and NP-2D.
Other VOCs in Groundwater - Recovery Period
Trace levels of other VOCs were estimated (below MDLs) by the analytical laboratory
for groundwater samples collected during the recovery period. These compounds included trans-
1,2-dichloroethene, chloroform, and 1,1,1-trichloroethane. Concentration estimates for these
chlorinated VOCs ranged from 0.6 jig/L to 0.9 pAg/L.
Other VOCs in Groundwater - Comprehensive Sampling
Of the VOCs other than TCE detected during comprehensive sampling following the
shallow sparging test, vinyl chloride was detected in the highest concentration. Vinyl chloride
was detected at a concentration of 12.3 pg/L in a sample collected from monitoring point BOW-
13. Trace levels of other VOCs were estimated (below MDLs) by the analytical laboratory for
groundwater samples collected in overburden wells during the comprehensive sampling round.
These compounds included trans-1,2-dichloroethene, chloroform, and 1,1,1-trichloroethane.
Concentration estimates for these chlorinated VOCs ranged from 0.6 pg/L to 3.4 pIg/L.
Much higher levels of other VOCs were estimated by the laboratory in groundwater
collected from the two bedrock wells. Chloroform, and 1,1,1-trichloroethane were estimated
at concentrations of 448 pg/L and 162 pg/L, respectively, in groundwater from BW-15R.
Chloroform was detected in groundwater from bedrock monitoring well BW-13 at a
concentration of 10.7 pg/L. Groundwater from bedrock well BW-13 also contained an estimated
6 pg/L of 1,1, 1-trichloroethane.
Summary
TCE was the predominant VOC compound detected in all groundwater samples during
the pilot test. Trace levels of other VOCs were estimated (below MDLs) by the analytical
laboratory. Reductions in TCE groundwater concentrations in response to operation of the
sparger were observed. Mean TCE concentrations from the comprehensive sampling round
performed following the sparging test were one fifth the mean TCE concentrations from the
January baseline monitoring round. The groundwater samples collected following the pilot test
were collected after allowing the TCE in soils to recharge to the groundwater once the sparging
test was completed. The greatest declines in TCE concentrations were observed in monitoring
points with screened intervals closest to the air sparging head, where VOC removal from both
soil and groundwater was most active.
4.2.3.4 Groundwater Metals
During the comprehensive sampling round, dissolved and total concentrations of iron and
manganese were measured in groundwater collected from five monitoring points. These
monitoring points included: NP-iD, NP-2S, NP-2D, NP-7S, and BSW-13. Results of dissolved
and total concentrations of iron and manganese in groundwater are summarized in Table 4-29.
Total iron concentrations varied from 0.03 mg/L to 7.1 mg/L. The highest concentration of
total iron was measured in monitoring point NP-7S. Total manganese concentrations varied
from 0.21 mg/L to 1.13 mg/L. The highest concentration of total manganese was measured in
monitoring point NP-2S. Dissolved iron was detected in groundwater collected from two
monitoring points, NP-2S (0.43 mg/L) and NP-7S (7.7 mg/L). Dissolved manganese
concentrations ranged from 0.22 mg/L to 1.18 mg/L. The highest concentration of dissolved
manganese was observed in monitoring point NP-2S.
As shown in Table 4-29, the groundwater metal results from the comprehensive sampling
round were similar to those measured in the same monitoring points during the January 1994
baseline sampling round. The highest levels of total and dissolved iron and manganese were
observed in wells NP-2S and NP-7D during both sampling rounds. The concentrations of both
total and dissolved iron and manganese indicate that these metals had little or no effect on the
efficiency of the in situ volatilization system.
4.2.4 Soil Sampling Results
A total of eight soil samples were collected during the comprehensive sampling round.
Four samples were collected in the vadose zone (1.5 to 2 feet below grade) and four in saturated
soils (9 to 10.5 feet below grade). Analytical results are summarized in Table 4-30. Similar
to previous findings, the major VOC detected was TCE. The distribution of TCE in soils is
TABLE 4-29
In Situ Volatilization Pilot Study
Groundwater Metals Concentrations (mg/L)
SamPleID BSW-13 [ P-iD NP-2S NP-2D NP-7S I aximum l1 inimum Mean Mean: of Variation I
Dissolved Iron U U 0.43 U 7.7 7.7 U 1.6 0.1 2.1Total Iron 0.03 0.14 0.44 0.06 7.1 7.1 0.03 1.6 0.2 2.0
Dissolved Manganese 0.22 0.32 1.18 0.26 0.78 1.18 0.22 0.6 0.4 0.8Total Manganese 0.21 0.30 1.13 0.25 0.70 1.13 0.21 0.5 0.4 0.8
JANUARY 13, 1994 Arithmetic Geosetric CoefficienSamleID BSW-13 | P1 rN-S P2D NN aximumn Mnimumn Men*n Mean of Variation:
Dissolved Iron U U 3.4 U 9.9 9.9 U 1.6 0.1 2.1Total Iron U 0.17 3.4 0.11 9.2 9.2 U 2.6 0.4 1.5
Dissolved Manganese 0.21 0.49 1.27 0.29 0.81 1.27 0.21 0.6 0.5 0.7Total Manganese 0.21 0.47 1.22 0.27 0.72 1.22 0.21 0.6 0.5 0.7
All values are in mg/L.
U = not detected at a detection limit of 0.02 mg/L
To calculate the arithmetic mean, geometric mean & coefficient of variation; 0.01 mng/L was used for non-detect values.
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shown in map view in Figure 4-28. Cross-sectional views of the soil TCE distribution is
provided in Figures 4-29 and 4-30.
Levels of TCE above detection limits in soil varied from 0.028 mg/kg to 16.1 mg/kg.
The highest TCE concentration in soil was collected at a depth of 1.5 to 2 feet below grade at
NP-3. Piezometer NP-3 is located in the southeast quadrant of the pilot cell area.
Trace levels of chloroform and TCE (below MDLs) were estimated by the analytical
laboratory for other soil samples collected during this monitoring round. Concentration
estimates for chloroform ranged from 0.001 mg/kg to 0.009 mg/kg. Concentration estimates
for TCE ranged from 0.001 mg/kg to 0.004 mg/kg.
Relative to the October 1993 baseline monitoring event, the four shallow locations
showed an increase in soil TCE concentrations, and the four deep locations showed little or no
change. The greatest increase in TCE concentrations were observed in the upper soil sampling
location at NP-3 (2.87 to 16.1 mg/kg). The geometric mean concentration of TCE in the four
shallow samples increased from 0.03 to 1.1 mg/kg. All four of the lower soil sampling locations
at depths ranging from 9 to 10 feet below the pilot cell surface showed little change in TCE
concentrations, with concentrations below detection limits during both sampling events.
The soil analytical results indicate that TCE concentrations have increased in the shallow
soil zone. These data suggest that TCE was mobilized from soil and groundwater in the vicinity
of the sparged zone and transported to the upper soil zone. This is believed to occur via a three-
phase partitioning process between the air, water, and soil. Longer operation of the sparging
system would remove the migrating TCE over time. The partitioning process is described in
greater detail in Section 5.0.
4.2.5 Other Observations
On several days during the shallow sparging test, a subset of the nested piezometers
displayed artesian conditions under the influence of the sparging well. On January 19, 1994,
two days after the start of the test, water was observed surging out of nested piezometer NP-2S
when the PVC cap was removed. The water continued to surge out of NP-2S while the
compressor was operating. After the compressor was shut down later that day, the artisan
condition at NP-2S ceased after two minutes.
TABLE 4-30
In Situ Volatilization Pilot Study
Comprehensive Sampling Soil VOC Concentrations (mg/kg)
March 1994
.S.p.e Location .. PS-. PS-2 NP-3 NP-I
D)ept! (feet 1.5 -0 1.5 2.0 1.5- 2.0.0 Arithmetic Geometric Coeffcient
DateSampled 03128194 03/28/94 03/8/9 03/28/94 Maximumn Mininrnn Mean Mean of Variation
Vinyl Chloride < 0.050 UD < 0.050 UD < 1.4 UD < 0.050 UD U U - - -
1,1-Dichloroethene < 0.050 UD < 0.050 UD < 1.4 UD < 0.050 UD U U - - -
1,1-Dichloroethane < 0.050 UD < 0.050 UD < 1.4 UD < 0.050 UD U U - - -
1,1,2-Dichoroethene < 0.050 UD < 0.050 UD < 1.4 UD < 0.050 UD U U - - -
Chloroform < 0.050 UD 0.007 JD < 1.4 UD 0.009 JD 0.009 J U 0.19 0.03 1.9
1,2-Dichloroethane < 0.050 UD < 0.050 UD < 1.4 UD < 0.050 UD U U - - -
1,1,1-Trichloroethane < 0.050 UD < 0.050 UD < 1.4 UD < 0.050 UD U U - -
Trichloroethene 0.38. D .0.28. 0.82 D 16.1 0.28 4.40 1.09 1.8
Tetrachloroethene < 0.050 UD < 0.050 UD < 1.4 UD < 0.050 UD U U - - -
pLaPS4KK PS.2 NP-3 NP-7
Dt (e)9-9..-..... 9.5 -1 -10 10 Arnthwetic: Ge ntrc COeffqPIcke
Date Sampled 
.328/94 03/28/94 03/28/94 03/28/94 Maimum Minimum Mean Mean:... o Variation
Vinyl Chloride < 0.010 U < 0.010 U < 0.010 U < 0.010 U U U - - -
1,1-Dichloroethene < 0.010 U < 0.010 U < 0.010 U < 0.010 U U U - - -
1,1-Dichloroethane < 0.010 U < 0.010 U < 0.010 U < 0.010 U U U - - -
t,1,2-Dichloroethene < 0.010 U < 0.010 U < 0.010 U < 0.010 U U U - - -
Chloroform 0.001 J < 0.010 U 0.001 J 0.001 J 0.001 J U 0.002 0.002 1.0
1,2-Dichloroethane < 0.010 U < 0,010 U < 0.010 U < 0.010 U U U - - -
1,1,1-Trichloroethane < 0.010 U < 0.010 U < 0.010 U < 0.010 U U U - - -
Trichloroethene 0.001 J 0.004 J < 0.010 U < 0.010 U 0.004 J U 0.004 0.003 0.5
Tetrachloroethene < 0.010 U < 0.010 U < 0.010 U. < 0,010 U U U - - -
All values are mg/kg.
U = not detected.
I Estimated concentration below detection limit.
D = Sample diluted prior to analysis.
To calculate arithmetic mean, geometric mean & coefficient of variation; half of the corresponding detection limit was used for non-detect values.
Shaded values are above method detection limits
On subsequent days of the test, other piezometers were also observed to be artesian. On
January 21, 1994, piezometers NP-1D, NP-2S, and NP-3S were artesian at various times
throughout the day when the sparging well was being operated. NP-3S is located 14 feet from
the sparging well. Piezometer NP-iS displayed artesian conditions on January 24, 1994 and
piezometers NP-2S and NP-3S were artesian on February 1. All three piezometers were
observed to be surging on February 7. On the final day of the test, February 14, piezometers
NP-iS, NP-1D, NP-2S, and NP-2D were artesian. In all cases, the surging appeared to be the
result of a pressure buildup produced by the sparging well. Channels of preferential flow
through the formation directed toward the piezometers at different times would produce the
observed conditions. The fact that these conditions varied suggests that the movement of air was
not limited to a consistent set of flow pathways, rather it was distributed more evenly throughout
the pilot cell.
Bubbles were observed in monitoring well BCW-13, located 7 feet from the sparger,
throughout the test. On January 21, 1994, four days after the start of the test, bubbles could be
heard rising to the water surface between the PVC riser and the outer metal casing. This
phenomenon was observed on various days of the shallow sparging test. The bubbles are
evidently due to air travelling from the sparging well to the PVC riser and preferentially
travelling through the native backfill used to construct the well.
4.3 Deep Sparging Test
Following the shallow sparging test and comprehensive sampling, two additional short-
term sparging tests were conducted with the vacuum system deactivated. The first test was
conducted using the deep sparger, the second test was performed activating both the shallow and
the deep sparger. The purpose of these tests were twofold. First, data regarding the radius of
influence of the deep sparger was obtained. Secondly, both the shallow sparger and the deep
sparger were activated to determine the combined radius of influence.
In both cases, the radius of influence was measured without the soil venting system in
operation. Radius of influence was determined through water level measurements in
piezometers, dissolved oxygen measurements, PID headspace measurements, and direct
observations of air bubbles at the water table in monitoring wells and trenches excavated around
the perimeter of the pilot cell.
The deep sparging test was performed after the shallow sparging test was completed and
reequilibration of physical and chemical parameters to static (non-operating) conditions had
occurred. The deep sparger was activated and operated at an initial flow rate of 1 cfm. The
flow rate was increased gradually to a flow rate of 13.5 cfm over a four-hour period and
operated at this rate for an additional 19 hours. Immediately following this test, the shallow
sparger was activated and air was injected into both the shallow sparger and the deep sparger
simultaneously at a total flow rate of 13 cfm for a period of one hour. The pressure applied to
the well head of the shallow sparger was then reduced, and the pressure applied to the deep
sparger raised to increase the proportion of the total flow going to the deep sparger. The pilot
system was operated under this configuration for a period of six hours. Table 4-31 summarizes
sparging operation during the deep sparging test.
4.3.1 Soil Gas Monitoring
Vapor Monitoring Probes
The results of PID measurements taken during the deep sparging test are presented in
Table 4-32. The concentration of VOCs observed in vapor monitoring probes was higher than
in the piezometers in most cases. Most of these higher measurements were observed once the
test was underway. During pretest measurements VOCs were observed only in vapor monitoring
probe VMP-2 at a concentration of 24 ppmv and in VMP-6 at a concentration of 2.7 ppmv. In
all cases VOC concentrations in the vapor monitoring probes increased during the early stages
of the deep sparging test. In several cases, this rise was dramatic. In five of the vapor
monitoring probes, VOC concentrations rose from zero or near zero to concentrations ranging
from 58 ppmv to 92 ppmv after the deep sparger was operating for 24 hours. In one of the
other two probes, VMP-4, VOC concentrations rose from zero to 4.4 ppmv at the beginning of
the test, then fluctuated between 0.7 ppmv and 4.4 ppmv over the remainder of the test. In
VMP-2, located within the pilot cell, VOCs increased from 24 ppmv before the test to 42 ppmv
two hours into the test, then decreased steadily over the remainder of the deep sparging test.
The last four hours of the test with both spargers operating saw a decrease or leveling
off of VOCs. At VMP-1, VOCs remained in the 60-70 ppmv range with both spargers
operating. At VMP-4, VOCs remained at similar concentrations as they had during the first
stage of the test, holding at 2.6 ppmv or 2.7 ppmv. Concentrations of VOCs in the other five
probes decreased over the second stage of the test. The arithmetic mean VOC concentration in
vapor monitoring probes rose during the first 24 hours of the test with only the deep sparger
operating, then dropped off during the latter stages of the test when flow to the deep sparger was
reduced and both the shallow and deep spargers were operated.
TABLE 4-31
In Situ Volatilization Pilot Study
Deep Sparging Test
Operating Schedule
Hours 1 - 4 Hours S - 23 Hour24 HourS2 lur3 3
DEEP SPARGER ONLY
Flow Rate 1 -13.0 cfm 13.5 cfm -- --
WelI Head Pressure 16.0 psi 16.0 psi -- -- --
SHALLOW & DEEP SPARGERS
Combined Flow Rate -- -- 13.0 cfm 12.0 cfm 12.0 cfn
Well Head Pressure
ShallowSparger -- -- 13.8 psi 12.0 psi 11.0 psi
Deep Sparger -- -- 14.0 psi 17.0 psi 16.0 psi
-- Flow meter was unable to provide a reading due to erratic flow conditions across the flow meter
TABLE 4-32
Deep Sparging Test
Headspace Measurement Data (ppmv)
Location Pretest Deep Sparger Only Both Spa rgers
Hour 2 Hour 3 Hour 6 Hour 24 Hour 26 Hour 28
VMP-I 
- 2.8 0.4 28.0 66.0 68.0 63.0
VMP-2 24.0 42.0 20.0 12.0 5.2 3.4 2.1
VMP-3 0.0 1.4 0.9 3.2 58.0 22.0 7.8
VMP-4 J.O 4.4 2.3 0.7 2.7 2.6 2.7
VMP-5 0.0 7.1 3.9 12.6 78.0 47.0 20.0
VMP-6 2.7 19.2 8.9 3.8 80.0 14.8 4.5
VMP-7 0.0 45.0 26.0 11.7 92.0 40.0 12.1
Maximum 24.0 45.0 26.0 28.0 92.0 68.0 63.0
Minimum 0.1 1.4 0.4 0.7 2.7 2.6 2.1
Arithmetic Mean 4.5 17.4 8.9 10.3 54.6 28.3 16.0
Geometric Mean 0.3 8.9 3.9 6.4 31.5 16.7 8.4
Coefficient of Variation 2.1 1.1 1.1 0.9 0.7 0.9 1.4
NP-IS 143 25.0 23.0 2.2 7.5 0.5 0.3
NP-ID 0.8 1.9 1.1 2.4 2.2 surging 0.3
NP-2S 100 surging surging surging 6.2 surging 3.0
NP-2D 1.6 1.6 1.2 1.6 10.0 6.9 3.9
NP-3S 0.4 7.1 4.8 0.5 1.2 1.6 1.6
NP-3D 0.4 1.7 1.0 0.2 0.8 4.5 3.1
NP-4S 0.5 1.0 0.6 1.8 17.9 2.5 1.3
NP.4D 0.0 0.4 0.4 2.2 2.5 1.2 0.9
NP-5S 3.2 4.3 3.8 3.7 4.8 5.2 3.8
NP-5D 0.4 3.6 3.2 0.9 1.8 0.8 0.7
NP-6S 0.0 0.5 0.8 0.3 2.3 1.2 11.0
NP-6D 0.9 1.3 1.0 0.3 0.7 0.4 5.5
NP-7S 9.0 5.0 3.1 7.8 5.5 15.0 0.2
NP-7D 0.9 1.0 0.6 3.2 7.7 7.2 0.2
Maximum 143.0 25.0 23.0 7.8 17.9 15.0 11-0
Minimum 0.1 0.4 0.4 0.2 0.7 0.4 0.2
Arithmetic Mean 18.7 4.2 3.4 2.1 5.1 3.9 2.6
Geometric Mean 1.3 2.1 1.6 1.3 3.4 2.2 1.3
Coefficient of Variation 2.4 1.6 1.8 1.0 0.9 1.1 1.2
NW Quadrant 
- 13.0 - 25.0 90.0 50.0
NE Quadrant 
-- 0.0 - 8.0 25.0 25.0 --
SEQuqdrant - 9.0 - 12.0 35.0 200 --
SW Quadrant _0.0 6.0 30.0 25.0 --
Maximum -- 13.0 - 25.0 90.0 50.0 -
Minimum -- 0.1 - 6.0 25.0 20.0 -
Arithmetic Mean - 5.5 - 12.8 45.0 30.0 --
Geometric Mean - 0.7 - 11.0 39.2 28.1 -
Coefficient of Variation - 1.2 - 0.7 0.7 0.5 -
ND = Not Detected at a detection limit of 0.1 ppmv
To calculate the arithmetic mean, geometric mean & coefficient of variation; 0.05 ppmv was used for non-detect values.
-- No measurement taken
Piezometers
The majority of the headspace measurements in the piezometers were below 10 ppmv.
The highest headspace measurements observed prior to initiating the test were observed in
piezometers NP-iS and NP-2S at 140 ppmv and 100 ppmv, respectively. In both cases, VOCs
decreased during the test. The concentration in NP-iS decreased over the course of the test to
a concentration of 0.3 ppmv at the end of the test. At NP-2S, water was observed surging out
of the piezometer during much of the test. Toward the end of the test, the surging subsided and
several headspace measurements could be performed. At the end of the test a concentration of
3.0 ppmv was measured in NP-2S.
Headspace measurements in other piezometers remained below 10 ppmv during the test
with two exceptions. At NP-4S a headspace VOC concentration of 17.9 ppmv was observed
after 24 hours of operation, and indicated that VOCs had built up in the headspace of the well
over the 20 hours since the previous measurement. The measurement following the 17.9 ppmv
reading, 2.5 ppmv, was made two hours later, which may not have been a sufficient amount of
time for VOCs to build up in the headspace of the well. A similar situation occurred at well
NP-2D, where VOCs rose to 10 ppmv at hour 24 of the test, with lower concentrations observed
in later measurements.
Pilot Cell Liner
One hole was cut into the liner in each quadrant of the pilot cell prior to the deep
sparging test in order to collect soil samples on March 28, 1994. These holes provided the
opportunity to take PID measurements between the top of the gravel bed and the bottom of the
liner at these locations. The PID measurements taken in this manner varied such that it was
difficult to reproduce measurements. The measurement recorded at any one location depended
upon the amount the liner was raised over the gravel bed during the measurement, and where
beneath the liner the PID probe was inserted from the hole. The maximum recorded PID
measurements are summarized in Table 4-31. The PID measurements increased during the test,
to a maximum of 90 ppmv at the liner hole in the northwest quadrant of the pilot cell. When
the flow through the deep sparger was reduced, and the shallow sparger was activated, the PID
readings did not change outside of the variability of that observed during data collection (roughly
plus or minus 20 ppmv) in three of the four locations. At the liner hole in the northwest
quadrant, the PID reading was 50 ppmv, down from 90 ppmv with only the deep sparger
activated.
Summary
The concentration of VOCs observed in vapor monitoring probes increased during the
deep sparging test while VOCs in the headspace of piezometers decreased or remained low. The
increase of VOCs in the vapor monitoring probes can be attributed to the upward mobilization
of VOCs due to sparging. The rapid rise in vapor monitoring probes outside the pilot cell was
not observed during the early stages of the shallow sparging test, indicating that the deep sparger
had a larger radius of influence than the shallow sparger. This larger radius of influence may
have been enhanced by absence of vapor extraction within the pilot cell. The two piezometers
with relatively high VOCs in the headspace, NP-iS (143 ppmv) and NP-2S (100 ppmv) saw
reductions to 0.3 ppmv and 3.0 ppmv respectively by the end of the test. The decrease in VOCs
at these piezometers can be attributed to the removal of VOCs from groundwater. The
observations of VOCs beneath the liner support the data collected in vapor monitoring probes
indicating an upward mobilization of VOCs.
4.3.2 Water Levels
Water levels were measured prior to initiation of the deep sparging test, and five times
during the test. Four of the measurements were performed with the deep sparger activated and
the fifth measurement was performed with both spargers activated. The elevations of the
piezometric heads within each monitoring point is presented in Table 4-33. The change in
elevations from those recorded prior to the deep sparging test are presented in Table 4-34.
One hour after initiating the test, the water table in each of the monitoring points within
the pilot cell rose in response to the activation of the deep sparger. The largest response was
observed in piezometer NP-4S and in the four monitoring points within the pilot cell that were
screened at or near the water table. These points were monitoring well BOW-13 and vapor
monitoring probes VMP-1, VMP-2, and VMP-3. The greatest rise after one hour, 0.47 feet,
was recorded in vapor monitoring probe VMP-1 in the center of the pilot cell adjacent to the
spargers. Outside the pilot cell at vapor monitoring probes VMP-6 and VMP-7, water levels
decreased 0.10 feet and 0.11 feet, respectively. Measurements were not made at VMP-4 and
VMP-5 as the water table was below these probes during the deep sparging test. The lower
water table at VMP-6 and VMP-7 may have been a result of the rising water table within the
pilot cell drawing water from the area surrounding the pilot cell. This matches visual
observations that the level of surface water fell in locations east of the pilot cell after activation
of the pilot system.
TABLE 4-33
Deep Sparging Test
Water Level Measurements
NP.J S
NP-ID
NP-2S
NP2D
Nr-3S
NP-3D
NP-4S
NP4D
NP-SS
NP-SD
NP-6S.
NP-6D
NP-7S
NP-7
Pretest
Mcasurements
(t.s n
44.56
44.56
44.50
44.50
44.54
44.55
44.56
44.59
44.60
44.60
44.53
44.53
44.65
44 60
Deep Sparger AniiVated
Hour I
(ft. nish
44.60
44.61
44.80
44.58
44.59
44A)
44.62
44.62
44.64
44.65
44.60
44.56
44.82
Uiur 2
(.mo!)
44.55
44.57
44.55
44.55
44.52
44.55
44.57
44.57
44.60
44.61
44.52
44.53
44.80
flour 5
(1. ms)
44.60
44.6
surging
44.56
44.59
44.58
44.63
44.6
44.63
44.63
44.56
44.55
44.97
-oth Sparters
loor 24 Hour 26
01.mo) (ft.msl
44.49
44.47
44.43
-44.44
44.47
44.47
44.56
44.43
44.51
44.53
44.44
44.44
44.58
44 <4A
44.53
surging
surging
44.41
44.46
44.44
44.48
44.48
44.49
44.52
44.43
44.43
44.60
Maximum 44.65 44.82 44.80 44.97 44.58 44.60
Minimum 44.50 44.58 44.52 44.55 44.43 44.41
Arithmetic Mean 44.56 44.65 44.58 44.63 44.49 44.49
Geometric Mean 44.56 44.65 44.58 44.63 44.49 44.48Coefficient of Variation 000 0.00 0.00 0.00 0.00 0.00
BOW-3 44.48 44.5 44.52 44.55 44.41 44 4.55BSW-13 44.4 44.55 44.52 44.5 44.41 44.41
BCW-13 44.60 44.62 44.61 44.63 44.5 44.50BW-13R 44.67 44.68 44.66 44.68 44.57 44.56
BSSW-15 44.44 44.49 44.44 44.47 44.35 44.34
9OW-15 44.47 44.51 44.48 44.49 44.38 44.37
BW-15R: 44.57 44.62 44.59 44.6 44.49 44.48
Maximum 44.67 44.73 44.72 44.80 44.57 44.56
Minimum 44.44 44.49 44.44 44.47 44.35 44.34
Arithmetic Mean 44.54 44.60 44.57 44.60 44.46 44.46
Geometric Mean 44.54 44.60 44.57 44.60 44.46 44.46
Coefficient or Variation 0.00 0.00 0.00 0.00 0.00 0.00
VMP-1 44.59 45.06 45.11 44.89 dry 2.94
VMP- 44.40 44.71 44.57 44.64 44.27 3.30
VMP-3 44.56 44.95 44.88 44.94 44.49 3.67
VMP-4 dry dry dry dry dry dry
VIP-5 dry dry dry dry dry dry
VMP-6 44.00 43.90 43.92 43.91 43.84 1.2
VMP-7 44.39 44.28 44.32 44.36 44.35 1 .24
Maximum 44.59 45.06 45.11 44.94 44.49 3.67
Minimum 44.00 43.90 43.92 43.91 43.84 1.22
Arithmetic Mean 44.39 31.84 31.83 31.82 25.28 1.77
GeometricMean 44.39 44.58 44.56 44.55 44.24 2.22
Coefficient of Variation 0.01 0.02 0.01 0.01 0.01 0.66
maging - Water %as arging out of the well when the cap %w removed
dry - No water preseni in vapor monitoring probe
___
TABLE 4-34
Deep Sparging Test
Water Level Changes From Pretest Measurements
NP-IS
NP-ID)
NP-2S
NP-2D
NP-3S
NP-3D
NP-4S
NP-4D
NT-SS
NP-SD.
N.P-6S.
NP-6D
NP-7S
NP-7D
Hour I
feet
0.04
0.05
0.30
0.08
0.05
0.05
0.06
0.03
0.04
0.05
0.07
0.05
0.17
0.18
Deep Sparger Only
Hour 2 Iour 5
feet feet
-0.01
0.01
0.05
0.05
-0.02
0.00
0.01
-0.02
0.00
0.01
-0.01
0.00
0.15
0.09
0.04
0.04
surging
0.06
0.05
0.03
0.07
0.01
0.03
0.03
0.03
0.02
0.32
0.14
Hour 24
feet
-0.07
-0.09
-0.07
-0.06
-0.07
-0.08
0.00
-0.16
-0.09
-0.07
-0.09
-0.09
-0.07
-0.06
Both Spargers
Hour26
feet
-0.03
surging
surging
-0.09
-0.08
-0.11
-0.08
-0.11
-0.11
-0.08
-0.10
-0.10
-0.05
-0.05
Maximum 0.30 0.15 0.32 0.00 -0.03
Minimum 0.03 -0.02 0.01 -0.16 -0.11
Arithmetic Mean 0.09 0.02 0.07 -0.08 -0.08
Geometric Mean 0.07 -- 0.04 -- --
Coefficient of Variation 0.9 2.2 1.2 -0.4 -0.3
BOW-13 0.18 0.17 0.25 -0.02 0.00
BSW-13 0.07 0.04 0.07 -0.07 -0.07
BCW-13 0.02 0.01 0.03 -0.10 -0.10
BW-13R 0.01 -0.01 0.01 -0.10 -0.11
BSSW-15 0.05 0.00 0.03 -0.09 -0.10
BOW-i5 0.04 0.01 0.02 -0.09 -0.10
BW-1SR 0.05 0.02 0.03 -0.08 -0.09
Maximum 0.18 0.17 0.25 -0.02 0.00
Minimum 0.01 -0.01 0.01 -0.10 -0.11
Arithmetic Mean 0.06 0.03 0.06 -0.08 -0.08
Geometric Mean 0.04 -- 0.04 - --
Coefficient of Variation 0.9 1.8 1.3 -0.4 -0.5
VMP-1 0.47 0.52 0.30 dry 0.07
VMP-2 0.31 0.17 0.24 -0.13 -0.14
VMP-3 0.39 0.32 0.38 -0.07 -0.09
VMP-4 dry dry dry dry dry
VMP. dry dry dry dry dry
VMP-6 -0.10 -0.08 -0.09 -0.16 -0.18
VMP-7 -0.11 -0.07 -0.03 -0.04 -0.10
Maximum 0.47 0.52 0.38 0.00 0.07
Minimum -0.11 -0.08 -0.09 -0.16 -0.18
Arithmetic Mean 0.19 0.17 0.16 -0.08 -0.09
Geometric Mean - - -- - --
Coefficient of Variation 1.4 1.5 1.3 -0.8 -1.1
surging - Water was surging out of the well when the cap was removed
dry - No water present in vapor monitoring probe
- Geometric mean was not calculated, due to negative change in water levels
One hour into the deep sparging test, piezometric surfaces were elevated in monitoring
points screened deeper below the water table. At these locations the rise in the piezometric
surface was between 0.01 feet and 0.08 feet with three exceptions. At piezometers NP-2S, NP-
7S, and NP-7D, the piezometric surface rose 0.30, 0.17, and 0.18 feet, respectively.
Water elevations during the second hour of operation were the lower than during the first
hour. Water level measurements in vapor monitoring probe VMP-1 was the only exception,
with a 0.05-foot rise from hour 1 to hour 2. At hour 5, water levels were observed to return
to similar levels as measured during hour 1. Figure 4-31 presents a contour map of the water
level changes during hour 5 in wells screened across or screened near the water table. The
contour map shows a water table mound induced by the deep sparger extending across the pilot
cell with a radius of approximately 25 feet.
By hour 24, the water level in all monitoring points had decreased in response to the
water table elevation decreasing throughout Although water levels
decreased from the beginning of the test, the water table mound observed earlier in the test
persisted to the end of the test.
Summary
The water table in each of the monitoring points within the pilot cell rose in response to
the activation of the deep sparger. The largest response was observed in the four monitoring
points within the pilot cell that were screened at or near the water table. A water table mound
induced by the deep sparger extended across the pilot cell with a radius of approximately 25
feet. The mound was small, reaching a maximum height of 0.52 feet two hours into the deep
sparging test. By the end of the deep sparging test, the water level in all monitoring points had
decreased in response to the water table elevation decreasing throughout the
Although water levels decreased from the beginning of the test, the water table mound observed
earlier in the test persisted to the end of the test.
4.3.3 Dissolved Oxygen
Dissolved oxygen was measured in groundwater monitoring points before the deep
sparging test, and three times during the test. These measurements are summarized in Table 4-
35. After 24 hours of operating the deep sparger, a noticeable increase was observed in 10 of
TABLE 4-35
Deep Sparging Test
Dissolved Oxygen Levels (mg/L)
3-31-94
Before Activation
0.6
0.5
0.9
0.8
0.6
0.6
1.1
0.6
0.6
0.6
0.6
0.6
4.1
0.9
3-31-94 4-1-94.
Hour 4 Hour 24
Deep Spareer
0.5
0.4
surging
0.4
0.7
0.6
0.5
0.4
0.4
0.4
0.6
0.4
4.4
0.7
1.0
0.6
10.9
2.4
0.5
2.2
0.4
0.4
1.1
0.4
1.0
0.5
10.0
1 2
4-1-94
Hour 28
Both Spargers
9.4
10.1
10.7
2.3
2.0
1.8
1.0
1.0
1.4
1.1
0.4
0.3
11.3
3.0
Maximum 4.1 4.4 10.9 11.3
Minimum 0.5 0.4 0.4 0.3
Arithmetic Mean 0.9 0.8 2.3 4.0
Geometric Mean 0.8 0.6 1.2 2.2
Coefficient of Variation 1.0 1.4 
_ 1.5 -1.1
BOW-13 0.6 5.4 11.7 11.1
BSW-13 0.5 0.4 0.4 0.4
BCW-13 0.4 4.4 7.0 5.8
13W3R 0.4 0.3 0.3 0.3
BS$W-15 0.4 0.2 0.3 0.2
BOW-15 1.5 1.2 1.0 0.7
BW-15R 0.9 0.8 0.5 0.3
Maximum 1.5 5.4 11.7 11.1
Minimum 0.4 0.2 0.3 0.2
Arithmetic Mean 0.7 1.8 3.0 2.7
Geometric Mean 0.6 0.9 1.1 0.9
Coefficient of Variation 0.6 1.2 1.5 1.6
surging - water was surging out of the well when the cap was removed
NP-IS
NP-11D
NP-2S
NP-2D
NP-3S
NP-3D
NP-4S
NP-4D
NP-5S
NP 5D
NP-6S
NP-6D
NP-7S
NP-7D
, ,
the 21 groundwater monitoring points. The largest increases were observed in the center and
the southwest quadrant of the pilot cell. Piezometer NP-2S, which was surging water when the
cap was removed, exhibited an increase from 0.9 mg/L before the test to 11 mg/L. Dissolved
oxygen in well BOW-13 and piezometer NP-7S rose from 0.6 mg/L to 12 mg/L, and from 4.1
mg/L to 10 mg/L respectively. Monitoring points screened deeper within the aquifer at these
locations show more modest increases of dissolved oxygen. Well BSW-13, screened from 18
feet to 23 feet below grade, exhibited no increase in dissolved oxygen. Dissolved oxygen in
well BCW-13, screen from 45 feet to 50 feet below grade, rose from 0.4 mg/L to 7 mg/L. Well
BCW-13 is seven feet away from and screened ten feet below the deep sparger.
Three hours after the flow to the deep sparger was decreased and the shallow sparger was
activated, dissolved oxygen measurements were again collected. In most cases, dissolved
oxygen concentrations continued to rise or stabilized. The most pronounced response to
activating the shallow sparger was observed at piezometers NP-iS and NP-2S, where
concentrations rose from 1 mg/L and 0.6 mg/L respectively, to near saturation levels. At the
end of the test dissolved oxygen concentrations were rising in many of the wells indicating that
dissolved oxygen had not reached equilibrium in response to air sparging.
4.3.4 Other Observations
Pressure was measured in vapor monitoring probes three times during the deep sparging
test. Measurable readings were recorded at two locations, probe VMP-1 within the pilot cell,
and VMP-4 south of the pilot cell. At probe VMP-1, no pressure was recorded during the early
stages of the pilot test. After 24 hours of sparging, a pressure of 0.04" of water was recorded
at probe VMP-1. This measurement was repeated at hour 28 of the test. At probe VMP-4, a
pressure fluctuating between 0.03" and 0.05" of H20 was observed during the test.
Trenches were hand excavated adjacent to vapor monitoring probes VMP-4, VMP-5,
VMP-6, and VMP-7 outside of the pilot cell. These trenches allowed the observation of air
bubbles rising to the water table. Bubbles were observed rising up into two trenches excavated
adjacent to vapor monitoring probe VMP-4, south of the pilot cell. The farthest of these two
trenches was located at a distance of 35 feet from the deep sparger.
Bubbles were also observed in several of the monitoring wells including BOW-13 which
is screened across the water table. Air bubbles at the water table within well BOW-13 indicate
that air was migrating from the sparger into the well screen. Bubbles were also observed rising
to the water surface between the outside of the riser pipe of well BCW-13 and the inside of the
protective metal casing extending through the pilot cell liner. This indicates that air was
migrating from the sparger to the PVC riser above the well screen and migrating up through the
native backfill used to complete the monitoring well. In addition to observations of bubbles at
monitoring wells, bubbles could be heard at each of the four holes cut through the liner for soil
borings. These holes were cut into the liner following the shallow sparging test to allow soil
samples to be collected beneath the pilot cell. Solvent vapors were noticeable at the holes in the
liner.
Several wells did not have bubbles rising to the water surface, but were clearly influenced
by the pressures induced by the spargers. This influence was displayed by water rising up out
of several piezometers during the deep sparging test. Shortly after activating the deep sparger
at the beginning of the test, piezometer NP-2S became artesian. During the latter stages of the
test, when air flow was introduced to the shallow sparger, piezometers NP-iS, NP-1D, and NP-
2S were artesian.
The deep sparging test induced a pressure inside the pilot cell. It influenced trenches at
a distance of 35 feet away, and air was observed migrating from the sparger to the wells and
vapor monitoring probes via bubbles. Wells were clearly influenced by the pressures induced
by the spargers.
Appendix C: Multiple Injection Point Field Site Data
I. Introduction
An air sparging system was installed at a confidential site to remediate BTEX (benzene,
toluene, ethyl benzene, and xylene) compounds from a former gasoline filling station.
Eight soil vapor extraction (SVE) points were installed in order to recover any
compounds volatilized by the sparging system. Although slug tests were conducted in
order to characterize the hydraulic conductivity of the silty sand layer and the bedrock
(see Section II below) and soil venting tests were conducted, no direct characterization of
the radius of influence of the system's sparge wells was made.
II. Stratigraphy
The shallowest layer on the site is between 5 and 10 feet of fill. The fill is underlain by
outwash deposits of sand and silty sand between elevation 5 and 30 feet (between 5 and
10 feet below ground surface). Bedrock slopes up across the site from west to east from
elevation 5 to elevation 25 (between 30 and 10 feet below ground surface).
III. System Overview
The air sparging system at this site consists of five air injection points (sparge points)
located in a line the area where gasoline and waste oil tanks were historically located.
The sparge points were located at an average depth of 15 feet below ground surface in the
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sand layer. Eight SVE points were located, four in a line on each side of the sparge
points at a distance between 15 and 20 feet.
The air sparge system was operated continuously, being turned off for approximately 24
hours once a month before water samples were taken. The air pressure at the sparge
wells was typically 3.5 pounds per square inch (psi). The vapor extraction system was
run concurrently with the sparge system. The vacuum in the line of SVE points
approximately 20 feet away from the sparge line was typically 28 inches of water with
the sparge system off, and 25 inches of water with the sparge system on. In the line of
SVE points approximately 15 feet away, vacuum was typically 24 inches of water with
the sparge system off, and 20 inches of water with the sparge system on.
IV. Measurements Taken
Groundwater levels were taken in monitoring wells at a wide range of distances from the
sparge points. A standard suite of contaminant testing was conducted on a number of
monitoring wells surrounding the sparge points, including aliphatics and BTEX
compounds. Sampling was conducted before the air sparging system was installed, and
samples are taken monthly to monitor the system. The SVE system was sampled at the
influent, mid-train point, and at the effluent. MBTE and BTEX compound
concentrations were measured.
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V. Results
The following pages are reproduced from the consultant's report. References to the
specific site and parties involved have been removed to maintain confidentiality.
However, the results are included because they provide an example of a well documented
field site which may prove useful for future comparisons.
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TABLE III
GROUNDWATER QUALITY DATA
SAMPLE DESIGNATION METHOD 1 METHOD 1 HA-1 HA-1 HA-3 HA-3 HA-3 HA-3 HA-33 HA-3 HA-33 HA-3 HA-33 HA-3 HA-33 HA-3 HA-33SAMPLING DATE GW-2 GW-3 21-Apr-99 12-Sep-00 21-May-99 12-Sep-00 11-Jan-01 1-Jun-01 1-Jun-01 7-Aug-01 7-Aug-01 13-Nov-01 13-Nov-01 27-Feb-02 27-Feb-02 7-Jun-02 7-Jun-02WELLSCREEN INTERVAL STANDARDS STANDARDS 5.5-15.5 5.5-15.5 12.0-19.0 12.0-19.0 12.0-19.0 12.0-19.0 (HA-3 12.0-19.0 (HA-3 12.0-19.0 (HA-3 12.0-19.0 (HA-3 12.0-19.0 (HA-3WELLSCREEN STRATUM Fill/Outwash Fill/Outwash Bedrock Bedrock Bedrock Bedrock DUPLICATE) Bedrock DUPLICATE) Bedrock DUPLICATE) Bedrock DUPLICATE) Bedrock DUPLICATE)
VPH (ug/L)
C5-C8 Aliphatics 1,000 4,000 2,000 26 12,000 5,200 17,000 14,000 14,000 9,500 9,700 9,100 9,400 5,300 5,500 1,900 2,300C9-C12 Aliphatics 1,000 20,000 680 24 9,200 1,600 7,400 10,000 9,700 5,200 5,200 4,600 4,800 2,700 2,600 1,800 2,100C9-C10 Aromatics 5,000 4,000 710 180 5,900 6,100 7,600 5,400 5,300 4,600 4,500 3,800 3,900 4,700 4,500 1,700 1.800Methyl tert-butyl ether 50,000 50,000 77 ND 310 220 ND ND ND ND ND 240 260 130 120 31 33Benzene 2,000 7,000 750 3 2,200 360 440 430 430 230 220 470 500 310 290 77 86Toluene 6,000 50,000 ND 5 4,900 6,000 8,800 8,700 8,600 4,500 4,400 7,500 8,000 2,900 2,800 590 640Ethylbenzene 30,000 4,000 100 16 770 1,100 1,200 1,200 1,200 860 840 1,100 1,200 780 800 120 140m&p-Xylene 6,000 50,000 34 28 3,900 3,900 4,600 4,900 4,800 3,500 3,400 4,100 4,400 2,900 2,900 600 650o-Xylene 6,000 60,000 ND 50 1,600 1,800 2,200 2,300 2,300 1,700 1,600 2,000 2,100 1,700 1,700 220 240total-Xylene 6,000 50,000 34 78 5,500 5,700 6,800 7,200 7,100 5,200 5,000 6,100 6,500 4,600 4,600 820 890Naphthalene 6,000 6,000 ND 31 270 430 410 340 340 290 280 300 310 260 240 56 5327,100 12,900 32,000 29,400 29,000 19,300 19,400 17,500 18,100 12,700 12,600 5,400 6,200
EPH (ug/L)
C9-C18 Allphatics 1,000 20,000 - - ND ND - - - - - - - - - -C19-C36 Aliphatics NA 20,000 - - ND ND 
- - - - -
-
-C11-C22 Aromatics 50,000 30,000 - - 390 390 
- - - - - -
- - -
Lead, total (mg/L) NA 0.03 
- - - - - - - -
- - -
-
NOTES & ABBREVIATIONS:
1. ND: not detected
2. NA: not available
3. - indicates not analyzed
4. Bold values indicate an exceedance of referenced
MCP standards at 310 CMR 40.0974.
5, Samples collected prior to April 2000 reported by
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TABLE III
GROUNDWATER QUALITY DATA
SAMPLE DESIGNATION METHOD 1 METHOD 1 HA-4 HA-4 HA-44 HA-4 HA-5 HA-101 HA-102 HA-104
SAMPLING DATE GW-2 GW-3 21-May-99 15-Jun-00 15-Jun-00 1-Jun-01 7-Jun-99 21-Apr-99 21-Apr-99 21-Apr-99
WELLSCREEN INTERVAL STANDARDS STANDARDS 5.0-15.0 5.0-15.0 (HA-4 5.0-15.0 5.0-15.0 4.2-14.2 7.1-12.1 6.8-13.8
WELLSCREEN STRATUM ColI./Outwash Coll./Outwash DUPLICATE) ColI/Outwash Fill/Outwash Fill/Outwash Colluvium Coll/Outwsh
VPH (ug/L)
C5-C8 Aliphatics 1,000 4,000 19,000 ND ND ND 37 190 43 ND
C9-C12 Aliphatics 1,000 20,000 15,000 23 28 52 ND 490 30 ND
C9-C10 Aromatics 5,000 4,000 7,000 41 52 51 ND 770 40 ND
Methyl tert-butyl ether 50,000 50,000 550 ND ND ND ND ND ND ND
Benzene 2,000 7,000 4,900 ND ND ND 6 25 ND ND
Toluene 6,000 50,000 5,800 ND ND ND ND ND ND ND
Ethylbenzene 30,000 4,000 2,000 ND ND ND ND 6 ND ND
m&p-Xylene 6,000 50,000 7,500 ND ND ND ND ND ND ND
o-Xylene 6,000 50,000 2,400 ND ND ND ND ND ND ND
total-Xylene 6,000 50,000 9,900 ND ND ND ND ND ND ND
Naphthalene 6,000 6,000 390 ND ND ND ND 11 ND ND
EPH (ug/L)
C9-C18 Aliphatics 1,000 20,000 ND - - - ND - - -
C19-C36 Aliphatics NA 20,000 ND - - - ND - -
C11-C22 Aromatics 50,000 30,000 350 - - - 240 - - -
Lead, total (mg/L) NA 0.03 - - - - -
NOTES & ABBREVIATIONS:
1. ND: not detected
2. NA: not available
3. - indicates not analyzed
4. Bold values indicate an exceedance of referenced
MCP standards at 310 CMR 40.0974,
5. Samples collected orlor to April 2000 reported by
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TABLE III
GROUNDWATER QUALITY DATA
SAMPLE DESIGNATION METHOD 1 METHOD 1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1
SAMPLING DATE GW-2 GW-3 3-Mar-97 30-Mar-98 15-Jul-98 21-Apr-99 12-Sep-00 11-Jan-01 1-Jun-01 7-Aug-01 13-Nov-01 27-Feb-02 7-Jun-02
WELLSCREEN INTERVAL STANDARDS STANDARDS 5.0-15.0 5.0-15.0 5.0-15.0 5.0-15.0 5.0-15.0 5.0-15.0 5.0-15.0 5.0-15.0 5.0-15.0 5.0-15.0 5.0-15.0
WELLSCREEN STRATUM Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt
VPH (ug/L)
C5-C8 Aliphatics 1,000 4,000 58,000 12,000 11,000 1,300 1,000 2,700 1,800 2,000 2,300 450 320
C9-C12 Aliphatics 1,000 20,000 470,000 31,000 9,500 5,600 3,700 11,000 13,000 9,200 8,000 1,600 1,100
C9-C10 Aromatics 5,000 4,000 6,500 42,000 8,300 5,000 13,000 17,000 14,000 14,000 12,000 3,500 1,200
Methyl tert-butyl ether 50,000 50,000 ND ND ND ND ND ND ND ND ND ND ND
Benzene 2,000 7,000 4,000 636 1,020 220 18 29 26 17 68 7 14
Toluene 6,000 50,000 4,300 161 504 27 ND ND ND ND ND ND ND
Ethylbenzene 30,000 4,000 2,700 2,380 2,340 720 2,400 1,500 980 1,300 1,500 69 31
m&p-Xylene 6,000 50,000 NA NA NA 2,400 7,400 5,500 3,500 4,300 4,800 340 100
o-Xylene 6,000 50,000 NA NA NA 560 1,500 440 120 240 490 69 14
total-Xylene 6,000 50,000 18,100 9,510 15,620 2,960 8,900 5,940 3,620 4,540 5,290 409 114
Naphthalene 6,000 6,000 510 771 1,230 250 980 740 640 850 660 70 75
EPH (ug/L)
C9-C18Aliphatics 1,000 20,000 9,200 7,100 9,200 ND - - - - - - -
C19-C36 Aliphatics NA 20,000 140 ND ND ND - - - - -
C11-C22 Aromatics 50,000 30,000 13,000 3,400 1,300 360 - - - - - -
Lead, total (mg/L) NA 0.03 - - - 0.024 - - - - -
NOTES & ABBREVIATIONS:
1. ND: not detected
2. NA: not available
3. - indicates not analyzed
4. Bold values indicate an exceedance of referenced
MCP standards at 310 CMR 40.0974.
5. Samoles collected prior to April 2000 reported by
Page 4 of 9
TABLE III
GROl jNnWATFR 31 IALITY DATA
NOTES & ABBREVIATIONS:
1. ND: not detected
2. NA: not available
3. - indicates not analyzed
4. Bold values indicate an exceedance of referenced
MCP standards at 310 CMR 40.0974.
5. Samples collected prior to April 2000 reported by
SAMPLE DESIGNATION METHOD 1 METHOD 1 MW-2 MW-2A MW-2A MW-2A MW-2A MW-2A MW-2A MW-2A MW-3 MW-3
SAMPLING DATE GW-2 GW-3 3-Mar-97 14-Jun-00 11-Jan-01 1-Jun-01 7-Aug-01 13-Nov-01 27-Feb-02 7-Jun-02 15-Jul-98 21-Apr-99
WELLSCREEN INTERVAL STANDARDS STANDARDS 6.0-15.0 4.0-14.0 4.0-14.0 4,0-14.0 4.0-14.0 4.0-14.0 4.0-14.0 4.0-14.0 5.0-15.0 5.0-15.0
WELLSCREEN STRATUM Sand Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand Sand
VPH (ug/L)
C5-C8 Aliphatics 1,000 4,000 15,000 1,600 530 1,800 1,500 920 2,000 540 60 27
C9-C12 Aliphafics 1,000 20,000 49,000 7,900 8,900 8,700 4,200 2,200 2,800 1,300 56 ND
C9-C10 Aromatics 5,000 4,000 4,700 7,600 14,000 7,600 6,300 3,200 7,500 1,400 45 ND
Methyl tert-buty ether 50,000 50,000 ND ND ND ND ND ND 10 ND ND
Benzene 2,000 7,000 2,300 53 ND 110 83 120 320 32 ND ND
Toluene 6,000 50,000 2,700 NO ND 120 35 76 260 ND 3 ND
Ethylbenzene 30,000 4,000 690 230 360 440 380 350 1,200 s0 ND ND
m&p-Xylene 6,000 50,000 NA 3,300 4,900 2,900 2,000 1,100 4,100 180 NA ND
o-Xylene 6,000 50,000 NA 550 550 230 130 97 1,300 32 NA ND
total-Xylene 6,000 50,000 10,200 3,850 5,450 3,130 2,130 1,197 5,400 212 21 ND
Naphthalene 6,000 6,000 223 340 630 330 280 150 220 37 ND ND
EPH (ug/L)
C9-C18 Aliphatics 1,000 20,000 16,000 - - - - - - - - ND
C19-C36 Aliphatics NA 20,000 8,100 - - - - - - - - ND
C 11-C22 Aromatics 50,000 30,000 46,000 - - - - - - - - 380
Lead, total (mg/L) NA 0.03 - - - - - - - - 0.01 -
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TABLE III
GROUNDWATER QUALITY DATA
NOTES & ABBREVIATIONS:
1. ND: not detected
2. NA: not available
3. - indicates not analyzed
4. Bold values indicate an exceedance of referenced
MCP standards at 310 CMR 40.0974.
5. Samples collected prior to April 2000 reported by
SAMPLE DESIGNATION METHOD 1 METHOD 1 JB-1/MW JB-1/MW JB-1/MW JB-1/MW JB-1/MW JB-1/MW JB-1/MW JB-1/MW JB-1/MW JB-1/MW
SAMPLING DATE GW-2 GW-3 15-Jul-98 21-Apr-99 14-Jun-00 10-Oct-00 11-Jan-01 1-Jun-01 7-Aug-01 13-Nov-01 27-Feb-02 7-Jun-02
WELLSCREEN INTERVAL STANDARDS STANDARDS 27.0-37.0 27.0-37.0 27.0-37.0 27,0-37.0 27.0-37.0 27.0-37.0 27.0-37.0 27.0-37.0 27.0-37.0 27.0-37.0
WELLSCREEN STRATUM Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock
VPH (ug/L)
C5-C8 Aliphatics 1,000 4,000 66 1,900 7,800 8,700 13,000 10,000 7,200 2,800 2,400 1,900
C9-C12 Aliphatics 1,000 20,000 210 2,600 7,500 11,000 11,000 13,000 5,300 1,400 1,100 1,500
C9-C10 Aromatics 5.000 4,000 180 2,800 4,000 6,200 8,500 8,000 5,200 1,800 1,900 1,300
Methyl tert-buty ether 50,000 50,000 ND 38 ND ND 230 ND ND 91 79 36
Benzene 2,000 7,000 ND 980 2,100 1,200 1,200 1,600 1,200 700 530 430
Toluene 6,000 50,000 ND 140 1,800 2,200 2,500 690 210 75 88 ND
Ethylbenzene 30,000 4,000 ND 1,000 1,500 1,400 2,000 2,100 1,400 630 550 380
m&p-Xylene 6,000 50,000 NA 890 4,200 5,400 7,400 7,100 3,600 850 650 320
o-Xylene 6,000 50,000 NA 200 1,400 1,900 2,300 1,500 520 150 170 76
total-Xylene 6,000 50,000 61.6 1,090 5,600 7,300 9,700 8,600 4,120 1,000 820 396
Naphthalene 6,000 6,000 17 200 240 450 450 450 390 150 170 100
EPH (ug/L)
C9-C18 Aliphatics 1,000 20,000 - ND - - - - - - -
C19-C36 Aliphatics NA 20,000 - ND - - - - - - -
C11-C22 Aromatics 50,000 30,000 - 280 - - - - - - - -
Lead, total (mg/L) NA 0.03 - - - - - - -
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TABLE III
GROUNDWATER QUALITY DATA
SAMPLE DESIGNATION
SAMPLING DATE
WELLSCREEN INTERVAL
WELLSCREEN STRATUM
VPH (ug/L)
CS-C8 Aliphatics
C9-C12 Aliphatics
C9-C10 Aromatics
Methyl tert-buty ether
Benzene
Toluene
Ethylbenzene
m&p-Xylene
o-Xylene
total-Xylene
Naphthalene
EPH (ug/L)
C9-C18 Aliphatics
C I9-C36 Allphatics
C 1-C22 Aromatics
Lead, total (mg/L)
METHOD 1 METHOD 1
GW-2 GW-3
STANDARDS STANDARDS
1,000
1,000
5,000
50,000
2,000
6,000
30,000
6,000
6,000
6,000
6,000
1,000
NA
50,000
NA
4,000
20,000
4,000
50,000
7,000
50,000
4,000
50,000
50,000
50,000
6,000
20,000
20,000
30,000
0.03
JB-8/MW JB-8/MW JB-8/MW JB-8/MW JB-8/MW JB-8/MW JB-8/MW JB-8/MW JB-8/MW JB-8/MW
3-Mar-97 15-Jul-98 21-Apr-99 12-Sep-00 11-Jan-01 1-Jun-01 7-Aug-01 13-Nov-01 27-Feb-02 7-Jun-02
7.3-17.3 7.3-17.3 7.3-17.3 7.3-17.3 7.3-17.3 7.3-17.3 7.3-17.3 7.3-17,3 7.3-17.3 7.3-17.3
Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt Sand/Silt
15,000 14,000 9,300 1,000
30,000 5,800 10,000 780
12,000 1,100 8,300 2,300
ND ND 130 61
550 835 1,700 270
150 1,080 1,700 410
3,000 1,170 660 700
NA NA 6,200 2,000
NA NA 2,900 760
13,900 6,370 9,100 2,760
607 503 300 220
250
240
2,100
ND
9
52
39
330
250
580
69
1,400 1,500
5,300 3,200
4,500 3,100
ND ND
53 290
81 230
640 480
2,100 1,700
320 660
2,420 2,360
290 200
3,100
2,900
3,500
64
170
1,300
340
1,900
870
2,770
160
1,700
1,500
3,300
ND
120
640
82
900
1,300
2,200
52
1,600
2,700
2,300
21
78
500
150
500
300
800
53
4,800 1,100 ND
10 ND ND
30,000 2,100 350
0.048 0.009 0.018
NOTES & ABBREVIATIONS:
1. ND: not detected
2. NA: not available
3. - indicates not analyzed
4. Bold values indicate an exceedance of referenced
MCP standards at 310 CMR 40.0974.
5. Samples collected prior to April 2000 reported by
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TABLE III
GROUNDWATER QUALITY DATA
SAMPLE DESIGNATION METHOD 1 METHOD 1 JB-14/MW JB-14/MW JB-14/MW JB-14/MW JB-14/MW JB-14/MW JB-14/MW JB-14/MW
SAMPLING DATE GW-2 GW-3 15-Jul-98 21-Apr-99 14-Jun-00 12-Sep-00 1-Jun-01 7-Aug-01 13-Nov-01 27-Feb-02
WELLSCREEN INTERVAL STANDARDS STANDARDS 7.0-17.0 7.0-17.0 7.0-17.0 7.0-17.0 7.0-17.0 7,0-17.0 7.0-17.0 7.0-17.0
WELLSCREEN STRATUM Sand Sand Sand Sand Sand Sand Sand Sand
VPH (ug/L)
C5-C8 Aliphatics 1,000 4,000 4,300 1,800 440 200 1,200 470 360 76
C9-C12 Aliphatics 1,000 20,000 9,100 12,000 12,000 1,700 9,100 2,000 1,200 110
C9-C10 Aromatics 5,000 4,000 5,000 15,000 15,000 11,000 11,000 4,200 2,800 440
Methyl tert-butyl ether 50,000 50,000 ND ND ND ND ND ND ND ND
Benzene 2,000 7,000 48 72 ND ND 20 ND 7 ND
Toluene 6,000 50,000 127 86 ND ND ND ND ND ND
Ethylbenzene 30,000 4,000 873 1,100 350 240 110 18 ND ND
m&p-Xylene 6,000 50,000 NA 6,200 3,700 2,400 790 140 140 8
o-Xylene 6,000 50,000 NA 1,300 1,400 880 190 31 42 6
total-Xylene 6,000 50,000 7,270 7,500 5,100 3,280 980 171 182 14
Naphthalene 6,000 6,000 666 630 520 570 160 47 58 6
EPH (ug/L)
C9-C18 Aliphatics 1,000 20,000 - - - - - - -
C19-C36 Aliphatics NA 20,000 - - - -
C I1-C22 Aromatics 50,000 30,000 - - - -
Lead, total (mg/L) NA 0.03 - 0.008 - - - - -
NOTES & ABBREVIATIONS:
1. ND: not detected
2. NA: not available
3. - indicates not analyzed
4. Bold values indicate an exceedance of referenced
MCP standards at 310 CMR 40.0974.
5. Samples collected prior to April 2000 reported by
Page 8 of 9
TABLE III
GROUNDWATER QUALITY DATA
NOTES & ABBREVIATIONS:
1. ND: not detected
2. NA: not available
3. - indicates not analyzed
4. Bold values Indicate an exceedance of referenced
MCP standards at 310 CMR 40.0974.
5. Samples collected prior to April 2000 reported by
SAMPLE DESIGNATION METHOD 1 METHOD 1 MW-B BX-1 BX-1 BX-1A BX-1A BX-1A BX-1A BX-1A BX-1A BX-1A BX-1A
SAMPLING DATE GW-2 GW-3 21-Apr-99 15-Jul-98 21-Apr-99 14-Jun-00 12-Sep-00 11-Jan-01 1-Jun-01 7-Aug-01 13-Nov-01 27-Feb-02 7-Jun-02
WELLSCREEN INTERVAL STANDARDS STANDARDS NA-14.6 21-26 21-26 18-23 18-23 18-23 18-23 18-23 18-23 18-23 18-23
WELLSCREEN STRATUM NA Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock Bedrock
VPH (ug/L)
C5-C8 Aliphatics 1,000 4,000 1,100 23,000 7,900 9,900 2,700 7,800 4,800 11,000 7,100 6,100 6,100
C9-C12 Aliphatics 1,000 20,000 5,300 5,800 16,000 15,000 2,500 9,700 8,900 9,000 6,600 4,300 7,200
C9-C1O Aromatics 5,000 4,000 7,800 ND 12,000 11,000 8,800 11,000 5,900 7,900 6,200 7,900 6,900
Methyl tert-butyl ether 50,000 50,000 ND ND ND ND ND ND ND ND 240 170 150
Benzene 2,000 7,000 170 698 1,100 820 170 390 930 1,600 1,700 1,300 1,200
Toluene 6,000 50,000 150 2,220 2,000 2,500 940 1,800 3,100 3,700 2,900 1,700 1,200
Ethylbenzene 30,000 4,000 620 1,710 2,300 2,000 1,000 1,200 980 1,400 1,400 1,400 1,500
m&p-Xylene 6,000 50,000 2,800 NA 7,300 8,400 5,400 5,900 4,500 5,900 4,900 5,600 5,100
o-Xylene 6,000 50,000 1,300 NA 3,200 3,300 2,100 2,400 1,900 2,400 2,000 2,000 1,900
total-Xylene 6,000 50,000 4,100 12,870 10,500 11,700 7,500 8,300 6,400 8,300 6,900 7,600 7,000
Naphthalene 6,000 6,000 400 898 640 520 680 520 450 500 360 420 360
EPH (ug/L)
C9-Cl8 Aliphatics 1,000 20,000 ND - 930 - - - - -
C19-C36 Aliphatics NA 20,000 ND - ND - - - - - - - -
C11-C22 Aromatics 50,000 30,000 570 - 450 - - - - - - - -
Lead, total (mg/L) NA 0.03 0.019 - - - - - - - -
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TABLE Ill
GROUNDWATER QUALITY DATA
SAMPLE DESIGNATION METHOD 1 METHOD 1 G-2 G-2 G-2 G-2 G-2 G-2 G-2 G-2 G-2
SAMPLING DATE GW-2 GW-3 3-Mar-97 15-Jul-98 14-Jun-00 10-Oct-00 11-Jan-01 1-Jun-01 7-Aug-01 27-Feb-02 7-Jun-02
WELLSCREEN INTERVAL STANDARDS STANDARDS ? -10.6 7 -10.6 ? -10.6 7 -10,6 ? -10.6 7 -10.6 ? -10.6 ? -10.6 7 -10.6
WELLSCREEN STRATUM NA NA NA NA NA NA NA NA NA
VPH (ug/L)
C5-C8 Aliphatics 1,000 4,000 4,500 13,000 930 1,400 1,100 1,900 1,600 710 370
C9-C12 Aliphatics 1,000 20.000 35,000 8,500 17,000 19,000 10,000 16,000 6,100 1,600 1,500
C9-C10 Aromatics 5,000 4,000 10,000 11,000 10,000 14,000 13,000 11,000 7,300 5,000 1,500
Methyl tert-buty ether 50,000 50,000 ND ND ND ND ND ND ND ND
Benzene 2,000 7,000 1,900 787 68 320 280 670 730 360 15
Toluene 6,000 50,000 890 ND ND ND ND 69 34 ND ND
Ethylbenzene 30,000 4,000 1,200 1,560 690 710 490 1,200 1,000 550 67
m&p-Xyene 6,000 50,000 NA NA 7,400 8,700 6,900 6,600 3,200 1,200 110
o-Xylene 6,000 50,000 NA NA 440 690 730 420 180 100 ND
total-Xylene 6,000 50,000 10,550 7,112 7,840 9,390 7,630 7,020 3,380 1,300 110
Naphthalene 6,000 6,000 490 642 440 670 530 570 460 280 35
EPH (ug/L)
C9-C18 Aliphatics 1,000 20,000 14,000 - - - - - - - -
C19-C36 Aliphatics NA 20,000 ND - - - - - - -
C11-C22 Aromatics 50,000 30,000 18,000 - - - - - - -
Lead, total (mg/L) NA 0.03 - - - - - - - -
NOTES & ABBREVIATIONS:
1. ND: not detected
2. NA: not available
3. - indicates not analyzed
4. Bold values Indicate an exceedance of referenced
MCP standards at 310 CMR 40.0974.
5. Samples collected prior to April 2000 reported by
Summary of Groundwater Geochemical Indicator Compounds
Page I of 2
.l~ssolved Dissolved Dissolved
Oxge -Iron Maniganese Nitrate-N Sulfate Alkailixiity .Methane
JJ.1.MW 3/3/97 2.00 10.9 NA <10 6.00 468.00 NA
* 9/29/97 3.00 0.21 4.90 < 0.01 < 2.0 513.00 0.540
12/3/97 3.00 <).02 0.043 <0.01 23.10 32.00 0.051
-8/MWV 3/3/97 1.00 22.00 NA <1.0 9.00 411.00 NA
S* 9/29/97 3.50 1.90 8.80 0.02 < 2.0 440.00 0.52
* 12/3/97 2.50 42.00 11.00 0.10 <1.0 566.00 0.508
)i-A4/1MW * 3/3/97 1.50 28.50 NA <1.0 <5.0 167.00 NA
* 9/29/97 3.50 17.00 2.70 <0.01 < 2.0 272.00 0.2-1
12/3/97 3.50 5.10 1.80 0.05 56.40 191.00 0.069
B- 15/MW 3/3/97 0.50 54.00 NA 9.40 15.00 162.00 NA
9/29/97 NA NA NA NA NA NA NA
12/3/97 NA NA NA NA NA NA NA
1W/W 9/29/97 2.50 0.18 2.10 <0.01 98.00 181.00 0.43
12/3/97 3.00 4.50 2.10 0.20 <1.0 186.00 1.47
.MW.1 3/3/97 1.00 17.20 NA <1.0 <5.0 228.00 NA
9/29/97 3.50 4.10 3.40 <0.01 <2.0 295.00 0.99
* 12/3/97 4.00 1.90 2.20 <0.01 9.50 215.00 1.23
MW-2 *~ 3/3/97 0.50 29.40 NA <1.0 <5.0 439.00 NA
* 9/29/97 2.25 0.24 7.80 <0.01 9.90 462.00 1.90
* 12/3/97 1.50 <0.02 5.00 0.40 2.90 415.00 2.95
MW-3 3/3/97 2.00 1.00 NA 16.20 81.00 363.00 NA
9/29/97 2.00 2.80 3.20 <0.01 19.80 536.00 0.46
12/3/97 2.00 0.72 3.10 <0.01 <1.0 261.00 0.89
MW--B 3/3/97 0.50 29.20 NA <1.0 25.00 191.00 NA
9/29/97 2.50 9.80 3.20 0.02 1 1.10 330.00 0.12
12/3/97 1.00 0.90 2.80 0.20 28.80 250.00 0.261
G-.2 3/3/97 0.50 70.50 NA <1.0 <5.0 415.00 NA
* 9/29/97 2.50 57.00 8.00 < 0.01 <1.0 490.00 4.30
*12/3/97 3.00 43.00 6.70 1.10 <1 .0 358.00 3.50
TABLE 5
Summary of Groundwater Geochemical Indicator Compounds
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Dosovd' D Iy* d . . ......
3/3/97 0.50 39.40 NA <1.0 <5.0 392.00 NA
09/29/97 2.00 9.20 8.20 <.01 7.40 349.00 1.20
12/3/97 2.50 20.00 6.30 <0.01 <1.0 375.00 0.716
3/3/97 2.00 8.90 NA <1.0 <5.0 320.00 NA
9/29/97 300 0.28 7.10 <0.01 <2.0 343.00 1.60
12/3/97 3.50 <0.02 7.50 <0.01 <1.0 281.00 0.864
INQes
Results given in milligrams per liter (mg/I: parts per million equivalent).
NA - Not analyzed
* - Sheen, product globules, or free product observed in well.
V'4/97
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TABLE I
SVE DISCHARGE VAPOR CONCENTRATIONS
Sample ID Influent Influent Influent Influent Influent VSI-6 VSI-7 VSI-8
Date 19-Jan-00 28-Jan-00 07-Feb-00 09-Feb-00 10-Feb-00 29-Feb-00 02-Mar-00 06-Mar-00
Run Time (hours) 5 14 29 48 61 61 90 91
MTBE (ug/L) ND ND ND 39 65 37 ND 16
Benzene (ug/L) 77 71 46 35 31 14 17 10
Toluene (ug/L) 51 59 25 41 39 18 20 15
Ethylbenzene (ug/L) 42 43 25 33 30 10 9 17
m+p Xylene (ug/L) 91 128 141 134 105 64 45 86
o-xylene (ug/L) 46 63 56 57 41 23 13 29
Total concentration target compounds (ug/L) 307 364 293 339 311 166 104 173
TPH as Toluene (ug/L) 4427 3748 2005 3300 2685 1325 1462 1518
Sample ID Midtrain 1/19/00 Midtrain 1/28/00 Midtrain 2/9/00 Midtrain 2/10/00 VSM-6 VSM-7 VSM-8
Date 19-Jan-00 28-Jan-00 - 09-Feb-00 10-Feb-00 29-Feb-00 02-Mar-00 06-Mar-00
Run Time (hours) 5 14 48 61 61 90 91
MTBE (ug/L) ND 61 - 814 126 ND ND ND
Benzene (ug/L) ND 121 - 53 63 ND 18 ND
Toluene (ug/L) ND 21 - ND ND ND 13 ND
Ethylbenzene (ug/L) ND ND - 3 ND ND ND ND
m+p Xylene (ug/L) ND ND - ND ND ND ND ND
o-xylene (ug/L) ND ND - 2 3 3 3 ND
Total concentration target compounds (ug/L) 0 203 872 192 3 34 0
TPH as Toluene (ug/L) ND 4100 3078 2284 118 947 119
Sample ID Effluent 1/19/00 Effluent 1/28/00 Effluent 2/9/00 Effluent 2/10/00 VSE-6 VSE-7 VSE-8
Date 19-Jan-00 28-Jan-00 - 09-Feb-00 10-Feb-00 29-Feb-00 02-Mar-00 06-Mar-00
Run Time (hours) 5 31 48 61 61 90 91
MTBE (ug/L) ND ND - ND ND ND ND ND
Benzene (ug/L) ND ND ND ND ND 2 ND
Toluene (ug/L) ND ND - ND ND ND ND ND
Ethylbenzene (ug/L) ND ND - ND ND 7 ND ND
m+p Xylene (ug/L) ND ND - ND ND 4 ND ND
o-xylene (ug/L) ND ND ND ND 5 4 ND
Total concentration target compounds (ug/L) 0 0 0 0 16 6 0
TPH as Toluene (ug/L)
NOTES AND ABBREVIATIONS:
1. ND indicates compound not detected
above laboratorv method detection
limit.
<1 ug/L or air.
2. - Indicates sample not collected.
3. Samples analyzed by
.. laboratory using a gas cnromato-
graph with an FID, unless otherwise
noted.
ND ND ND ND 330 308 151
10/17/2002
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TABLE I
Sample ID VSI-9 VSI-10 VSI-11 VSI-12 VSI-14 VSI-15 VSI-16 VSI-17 VSI-18 VSI-19 VSI-20
Date 08-Mar-00 08-Mar-00 13-Mar-00 16-Mar-00 20-Mar-00 23-Mar-00 24-Apr-00 04-May-00 11-May-00 15-May-00 24-May-00
Run Time (hours) 132 151 156 200 211 282 400 574 740 823 1043
MTBE (ug/L) ND ND - - - ND ND ND ND ND ND
Benzene (ug/L) 7 7 6 4 12 ND ND ND ND ND ND
Toluene (ug/L) 8 10 33 12 15 23 ND ND ND ND ND
Ethylbenzene (ug/L) 9 6 34 26 18 27 10 ND 7 ND 12
m+p Xylene (ug/L) 45 43 145 126 81 130 45 15 13 14 21
o-xylene (ug/L) 11 14 82 71 44 86 22 8 8 ND 6
Total concentration target compounds (ug/L) 80 80 300 239 170 266 77 23 28 14 39
TPH as Toluene (ug/L) 951 1165 1713 1290 798 1010 445 185 202 205 151
Sample ID VSM-9 VSM-10 VSM-11 VSM-12 VSM-14 VSM-15 VSM-16 VSM-17 VSM-18 VSM-19 VSM-20
Date 08-Mar-00 08-Mar-00 13-Mar-00 16-Mar-00 20-Mar-00 23-Mar-00 24-Apr-00 04-May-00 11-May-00 15-May-00 24-May-00
Run Time (hours) 132 151 156 200 211 282 400 574 740 823 1043
MTBE (ug/L) ND ND - - ND ND ND ND ND ND ND
Benzene (ug/L) 11 12 8 ND ND 7 ND ND ND ND ND
Toluene (ug/L) 10 13 32 ND ND 16 ND ND ND ND ND
Ethylbenzene (ug/L) 2 6 27 ND ND 27 6 ND ND ND 7
m+p Xylene (ug/L) ND 2 58 ND ND 4 ND ND ND ND 11
o-xylene (ug/L) 6 3 8 4 7 6 10 ND 6 ND 7
Total concentration target compounds (ug/L) 29 36 133 4 7 60 16 ND 6 0 25
TPH as Toluene (ug/L) 945 1109 1653 22 34 863 382 ND 85 69 91
Sample ID VSE-9 VSE-10 VSE-11 VSE-12 VSE-14 VSE-15 VSE-16 VSE-17 VSE-18 VSE-19 VSE-20
Date 08-Mar-00 08-Mar-00 13-Mar-00 16-Mar-00 20-Mar-00 23-Mar-00 24-Apr-00 04-May-00 11-May-00 15-May-00 24-May-00
Run Time (hours) 132 151 156 200 211 282 400 574 740 823 1043
MTBE (ug/L) ND ND - - - ND ND ND ND ND ND
Benzene (ug/L) ND 10 16 - - ND ND ND ND ND ND
Toluene (ug/L) ND ND ND - - ND ND ND ND ND ND
Ethylbenzene (ug/L) ND ND 10 - - 3 ND ND ND ND ND
m+p Xylene (ug/L) ND ND ND - - ND ND ND ND ND ND
o-xylene (ug/L) 4 5 10 - - 6 ND ND 6 ND ND
Total concentration target compounds (ug/L) 4 15 36 9 ND ND 6 ND ND
TPH as Toluene (ug/L)
NOTES AND ABBREVIATIONS:
1. ND indicates compound not detected
above laboratorv method detection
limit. Jetection limit
<1 ugnL or air.
2. - Indicates sample not collected.
3. qamples analyzed by I
. laboratory using a gas cnromato-
graph with an FID, unless otherwise
noted.
143 1083 1202 23 ND ND ND ND
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TABLE I
q\/F DISCHARGE VAPOR CONCENTRATIONS
Sample ID VSI-21 VSI-22 VSI-23 VSI-24 VSI-25 VSI-26 VSI-27 VSI-29 VSI-30 VSI-31 VSI-32
Date 31-May-00 14-Jun-00 07-Jul-00 08-Aug-00 29-Aug-00 10-Oct-00 28-Nov-00 18-Apr-01 18-May-01 25-Jun-01 30-Jul-01
Run Time (hours) 1209 1420 1522 2289 2794 3802 4978 6864 7584 8218 8371
MTBE (ug/L) ND ND ND ND ND ND ND ND ND ND ND
Benzene (ug/L) ND ND 7 8 ND ND ND 3 ND ND 4
Toluene (ug/L) ND 1 ND ND ND ND ND ND ND ND 21
Ethylbenzene (ug/L) 3 5 4 7 3 4 ND 5 12 10 29
m+p Xylene (ug/L) ND 2 ND ND ND ND ND ND 11 5 29
o-xylene (ug/L) 4 6 10 4 18 6 ND 7 21 19 67
Total concentration target compounds (ug/L) 7 14 21 19 21 10 0 15 44 34 150
TPH as Toluene (ug/L) 10 19 18 19 23 8 ND 16 252 178 1269
Sample ID VSM-21 VSM-22 VSM-23 VSM-24 VSM-25 VSM-26 VSM-27 VSM-29 VSM-30 VSM-31 VSM-32
Date 31-May-00 14-Jun-00 07-Jul-00 08-Aug-00 29-Aug-00 10-Oct-00 28-Nov-00 18-Apr-01 18-May-01 25-Jun-01 30-Jul-01
Run Time (hours) 1209 1420 1522 2289 2794 3802 4978 6864 7584 8218 8371
MTBE (ug/L) - - - - - ND - ND ND ND ND
Benzene (ug/L) - - - - - ND - 3 ND ND ND
Toluene (ug/L) - - - - - ND - ND ND ND ND
Ethylbenzene (ug/L) - - - - - 5 - 4 4 ND 4
m+p Xylene (ug/L) - - - - - ND - ND ND ND ND
o-xylene (ug/L) - - - - . 10 - 4 ND ND ND
Total concentration target compounds (ug/L) 15 11 4 0 4
TPH as Toluene (ug/L) 17 12 105 112 15
Sample ID VSE-21 VSE-22 VSE-23 VSE-24 VSE-25 VSE-26 VSE-27 VSE-29 VSE-30 VSE-31 VSE-32
Date 31-May-00 14-Jun-00 07-Jul-00 08-Aug-00 29-Aug-00 10-Oct-00 28-Nov-00 18-Apr-01 18-May-01 25-Jun-01 30-Jul-01
Run Time (hours) 1209 1420 1522 2289 2794 3802 4978 6864 7584 8218 8371
MTBE (ug/L) ND - - - - ND - ND ND ND ND
Benzene (ug/L) ND - - - - ND - 7 ND 4 4
Toluene (ug/L) ND - - - - ND - ND ND ND ND
Ethylbenzene (ug/L) ND - - - - 4 - 3 4 ND 5
m+p Xylene (ug/L) ND - - - - ND - ND ND ND ND
o-xylene (ug/L) 3 - - - - 13 - 7 17 26 4
Total concentration target compounds (ug/L) 3 17 17 21 30 13
21TPH as Toluene (ug/L)
NOTES AND ABBREVIATIONS:
1. ND indicates compound not detected
abovm let- -thod detection
limi detection limit
<1 ug/L of air.
2. - indicates sample not -llartala
3. Samples analyzed by'
laboratory using a gas chromato-
graph with an FID, unless otherwise
noted.
13 17 33 12
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TABLE I
qxE DISCHARGE VAPOR CONCENTRATIONS
Sample ID VSI-33 VSI-34 VSI-35 VSI-36 VSI-37 VSI-38 VSI-39 VSI-40 VSI-41
Date 07-Sep-01 11-Oct-01 13-Nov-01 19-Dec-01 16-Jan-02 15-Feb-02 28-Mar-02 13-Jun-02 26-Jul-02
Run Time (hours) 9300 9327 10061 10704 10926 11644 12625 14459 15455
MTBE (ug/L) ND 16 25 12 ND ND ND ND ND
Benzene (ug/L) ND ND ND ND ND ND ND ND ND
Toluene (ug/L) 3 ND ND ND ND ND ND ND ND
Ethylbenzene (ug/L) 9 4 4 5 4 ND ND 4 ND
m+p Xylene (ug/L) 20 6 4 3 ND ND ND ND ND
o-xylene (ug/L) 20 11 8 6 5 8 ND 4 ND
Total concentration target compounds (ug/L) 52 37 41 26 9 8 0 8 0
TPH as Toluene (ug/L) 145 232 264 93 37 6 ND 6 ND
Sample ID VSM-33 VSM-34 VSM-35 VSM-36 VSM-37 VSM-38 VSM-39 VSM-40 VSM-41
Date 07-Sep-01 11-Oct-01 13-Nov-01 19-Dec-01 16-Jan-02 15-Feb-02 28-Mar-02 13-Jun-02 26-Jul-02
Run Time (hours) 9300 9327 10061 10704 10926 11644 12625 14459 15455
MTBE (ug/L) ND ND ND ND ND ND ND ND ND
Benzene (ug/L) ND ND ND ND 5 ND ND ND ND
Toluene (ug/L) 5 ND ND ND ND ND ND ND ND
Ethylbenzene (ug/L) 10 ND 6 4 6 ND ND ND ND
m+p Xylene (ug/L) 24 ND ND ND ND ND ND ND ND
o-xylene (ug/L) 21 ND ND 4 6 ND ND 3 ND
Total concentration target compounds (ug/L) 60 0 6 8 17 0 0 3 0
TPH as Toluene (ug/L) 106 ND 21 7 18 ND ND 3 ND
Sample ID VSE-33 VSE-34 VSE-35 VSE-36 VSE-37 VSE-38 VSE-39 VSE-40 VSE-41
Date 07-Sep-01 11-Oct-01 13-Nov-01 19-Dec-01 16-Jan-02 15-Feb-02 28-Mar-02 13-Jun-02 26-Jul-02
Run Time (hours) 9300 9327 10061 10704 10926 11644 12625 14459 15455
MTBE (ug/L) ND ND ND ND ND ND ND ND ND
Benzene (ug/L) ND ND ND ND ND ND ND ND ND
Toluene (ug/L) ND ND ND ND ND ND ND ND ND
Ethylbenzene (ug/L) 7 ND 4 3 5 ND ND ND ND
m+p Xylene (ug/L) 19 ND ND ND ND ND ND ND ND
o-xylene (ug/L) 18 ND 6 ND 5 ND ND 5 ND
Total concentration target compounds (ug/L) 44 0 10 3 10 0 0 5 0
TPH as Toluene (ug/L)
NOTES AND ABBREVIATIONS:
1. ND indicates compound not detected
above I nratnrv method detection
limit, iection limit
<1 ug/L ot air.
2. - indicates sample not 'nlIlsrted.
3. Samples analyzed by
Inc. laboratory using a gas cnromato-
graph with an FID, unless otherwise
noted.
115 ND 9 10 14 ND ND ND
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TABLE 1I
'MMARY OF GROUNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
HA-1 Roadway Box 5.5 - 15.5 Fill/Outwash 21-Apr-99 10.6 24.9 Trace
35.41 24-Apr-99 10.5 24.9 ---
11-Jun-99 11.4 24.0 ND
24-Apr-00 8.7 26.7 -- SVE
14-Jun-00 7.4 28.0 --- SVE
28-Jul-00 7.1 28.4 -
08-Aug-00 7.3 28.1 -
12-Sep-00 7.6 27.8 -
28-Nov-00 7.3 28.1
01-Mar-01 8.3 27.1
08-Mar-01 9.1 26.4 -
05-Apr-01 7.9 27.5 -
18-Apr-01 9.1 26.3 --
25-Jun-01 10.4 25.0 Trace
19-Dec-01 12.1 23.3 -
15-Feb-02 10.8 24.6 -
09-May-02 10.4 25.0 --
26-Jul-02 10.3 25.1 --
HA-2 Roadway Box 5.0- 9.0 Fill 21-Apr-99 > 9.0 26.6 --- Dry
35.56 24-Apr-99 > 9.0 26.6 --- Dry
11-Jun-99 > 9.0 26.6 --- Dry
HA-3 Roadway Box 12.0- 19.0 Bedrock 11-Jun-99 12.4 23.7 -
36.1 (Approx.) 02-May-00 - --- SVE - Filled
14-Jun-00 - - - SVE - Filled
12-Sep-00 8.2 27.9
11-Jan-01 7.4 28.7 -
01-Mar-01 6.1 30.0 --
05-Apr-01 8.2 27.9 -
18-Apr-01 9.4 26.7
18-May-01 11.2 24.9 ---
01-Jun-01 11.4 24.8 --
25-Jun-01 11.0 25.1 -
07-Aug-01 11.7 24.4
07-Sep-01 12.2 23.9 -
13-Nov-01 12.8 23.3 -
16-Jan-02 11.4 24.7 -
15-Feb-02 11.3 24.8
27-Feb-02 11.2 24.9 .
28-Mar-02 9.9 26.2 -
09-May-02 10.8 25.3 -
07-Jun-02 9.6 26.5 ---
26-Jul-02 10.8 25.3 ---
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TABLE II
SUMMARY OF GROJNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
5.0- 15.0 Fill/Gl. Lacustrine/ 07-Jun-99
Outwash 11-Jun-99
19-Jan-00
28-Mar-00
24-Apr-00
02-May-00
14-Jun-00
19-Jul-00
28-Jul-00
08-Aug-00
01-Jun-01
5.0- 15.0 Fill/GI. Lacustrine/ 07-Jun-99
Outwash 11-Jun-99
7.0- 12.0 G.fluvIal/Bedrock 11-Jun-99
24-Apr-00
02-May-00
4.2- 14.2 Fill/Outwash 21-Apr-99
24-Apr-99
11-Jun-99
7.1 - 12.1 Colluvium 21-Apr-99
24-Apr-99
11-Jun-99
10.9
11.2
10.3
8.0
7.3
7.3
4.6
4.3
4.4
4.6
9.5
24.7
24.4
25.3
27.5
28.3
28.2
30.9
31.3
31,1
31.0
26.1
7.2 27.3 ---
10.0 24.5 .--
>11.9
7.9
10.3
10.6
11,7
11.2
10.3
11.5
5.7- 10.7 Fill/Colluvium 21-Apr-99 > 10.7
07-Jun-99 > 10.7
11-Jun-99 > 10.7
6.8-13.8 Colluvium 21-Apr-99
07-Jun-99
11-Jun-99
10.9
11.7
12.0
24.7
28.7
25.5
25.1
24.1
24.6
25.5
24.3
25.11
25.1
25.1
24.9
24.2
23.9
PRE START UP - SVE OFF
SVE
SVE
SVE
SVE
Upon completion
Dry
SVE
SVE - Filled
Dry
Dry
Dry
HA-4
HA-5
HA-6
HA-101
HA-102
HA-103
HA-104
Roadway Box
35.54
Roadway Box
34.47
Roadway Box
36.62
Roadway Box
35.76
Roadway Box
35.78
Roadway Box
35.83
Roadway Box
35.83
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TABLE I
SUMMARY OF GROUNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
4.4 - 9.4 Fill/Colluvium 21-Apr-99
24-Apr-99
07-Jun-99
11-Jun-99
02-May-00
07-Jul-00
19-Jul-00
21.0-24.0 Bedrock 03-Oct-94
14-Sep-95
05-Dec-95
14-Feb-96
29-Apr-96
03-Mar-97
29-Sep-97
03-Dec-97
30-Mar-98
15-Jul-98
21-Apr-99
24-Apr-99
Destroyed during SVE/AS installation 07-Jun-99
Bedrock 19-Jan-00
17-Mar-00
28-Mar-00
24-Apr-00
02-May-00
14-Jun-00
07-Jul-00
19-Jul-00
12-Sep-00
11-Jan-01
01-Mar-011
08-Mar-01
05-Apr-01
18-Apr-01
18-May-01
01-Jun-01
25-Jun-01
07-Aug-01
13-Nov-01
19-Dec-01
18-Jan-02
03-Feb-02
15-Feb-02
27-Feb-02
28-Mar-02
09-May-02
07-Jun-02
26-Jul-02
> 9.4
> 9.4
> 9.4
> 9.4
8.0
5.4
5.3
T8
10.0
9.6
Not Found
9.8
8.0
7.9
7.3
7.7
5.8
5.7
5.5
6.3
5.9
7.5
7.8
7.0
7.9
9.5
9.6
9.5
10.2
11.2
11.0
10.3
9.8
9.7
9.5
8.7
9.3
8.8
9.4
HA-105
BX-1
Dry
Dry
Dry
Dry
SVE
SVE
SVE
ND
Trace
ND
ND
ND
ND
ND
ND
ND
Dry
Dry
Roadway Box
36.12
Roadway Box
35.22
26.7
26.7
26.7
26.7
28.2
30.7
30.9
27.4
25.2
25.4
25.4
27.2
27.3
27.9
27.6
29.5
29.5
29.8
29.0
29.3
27.7
27.4
28.2
27.3
25.7
25.6
25.6
25.0
24.1
24.2
24.9
25.4
25.5
25.7
26.5
25.a
26.4
25.9
BX-1A
Replacement
for BX- 1
PRE-START UP - SVE OFF
SVE
SVE
SVE
SVE
SVE
SVE
SVE
Roadway Box
35.22
(assumed from BX-1)
20.0-23.0
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TABLE I
SUMMARY OF GROUNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
G-2 Gatebox
34.96
Not Available Not Available 03-Oct-94
10-Oct-94
09-Sep-95
14-Sep-95
05-Dec-95
14-Feb-96
29-Apr-96
03-Mar-97
29-Sep-97
03-Oct-97
10-Oct-97
04-Nov-97
03-Dec-97
05-Jan-98
30-Mar-98
15-Jul-98
22-Jul-98
28-Jul-98
19-Aug-98
25-Aug-98
03-Sep-98
21-Apr-99
24-Apr-99
11-Jun-99
17-Mar-00
28-Mar-00
24-Apr-00
02-May-00
14-Jun-00
19-Jul-00
10-Oct-00
28-Nov-00
11-Jan-01
01-Mar-01
08-Mar-01
18-Apr-01
18-May-01
01-Jun-01
07-Aug-01
13-Nov-011
19-Dec-01
27-Feb-02
07-Jun-02
7.3
>14.5
>14.5
12.8
9.9
12.3
12.4
12.3
12.2
10.3
9.6
7.8
8.8
9.5
9.6
9.3
9.4
10.3
8.0
7.8
7.6
7.6
6.4
6.4
6.3
6.3
6.2
6.9
7.3
7.5
9.2
9.1
9.7
DRY
DRY
9,3
7.9
27.6
<20.5
<20.5
22.2
25.0
22.7
22.5
22.7
22.7
24.7
25.3
27.2
26,2
25.5
25.4
25.7
25.6
24.7
27.0
27.2
27.4
27.4
28.6
28.6
28.6
28.7
28.8
28.1
27.7
27.5
25.8
25.8
25.3
<24.4
<24.4
25.7
27.1
Present
Trace
0,1
ND
Trace
Trace
Trace
ND
Trace
Trace
Trace
Trace
ND
Trace
Trace
Trace
Trace
Trace
ND
0.01
Trace
Dry
Dry
SVE
SVE
SVE
SVE
SVE
product on probe, gas odor
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TABLE 11
SUMMARY OF GROUNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
6.0- 15.0 Fill/Outwash 03-Oct-94
10-Oct-94
09-Sep-95
14-Sep-95
05-Dec-95
14-Feb-96
29-Apr-96
03-Mar-97
29-Sep-97
03-Oct-97
19-Oct-97
04-Nov-97
03-Dec-97
05-Jan-98
30-Mar-98
15-Jul-98
22-Jul-98
28-Jul-98
19-Aug-98
25-Aug-98
03-Sep-98
21-Apr-99
24-Apr-99
11-Jun-99
7.9
>19.4
>19.4
12.8
10.0
9.9
12.2
12.5
12.6
12.3
10.3
9.7
7.9
9.0
9.6
9.8
10.8
9.6
10.3
27.2
<15.7
<15.7
22.4
25.1
25.2
22.9
22.6
22.5
22.8
24.8
25.4
27.3
26.1
25.6
25.4
24.3
25.5
24.8
ND
Trace
ND
ND
0.01
Trace
Trace
Trace
ND
Trace
ND
0.08
0.08
0.06
0.01
Trace
0.01
Trace
ND
Dry
Dry
Dry
Product on probe
Petroleum odor on probe
RW-1 Roadway Box
35.13
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TABLE I
QIMMtAARY OF GROUNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
JB-1/MW Roadway Box 27.0- 37.0 Bedrock 14-Sep-95 37.0 -- Dry
35.03 05-Dec-95 30.0 5.0 ND
14-Feb-96 13.6 21.4 ND
29-Apr-96 10.6 24.4 ND
03-Mar-97 10.1 24.9 ND
29-Sep-97 12.3 22.7 Trace
03-Oct-97 12.6 22.4 ND
10-Oct-97 12.6 22.5 Trace
04-Nov-97 12.6 22.5 ND
03-Dec-97 10.5 24.6 ND
05-Jan-98 10.0 25.0 ND
30-Mar-98 8.2 26.9 ND
15-Jul-98 9.2 25.8 ND
22-Jul-98 9.8 25.2 ND
28-Jul-98 9.9 25.1 ND
19-Aug-98 - - ND
25-Aug-98 - - ND
03-Sep-98 - - ND
21-Apr-99 10.8 24.2 ND
24-Apr-99 9.8 25.2 ---
07-Jun-99 10.4 24.7 ---
11-Jun-99 10.7 24.3 ND
17-Mar-00 8.2 26.8
28-Mar-00 8.1 27.0 -
21-Apr-00 7.9 27.1 -- SVE
24-Apr-00 7.6 27.5 0.01 SVE
02-May-00 7.9 27.2 -- SVE
14-Jun-00 6.7 28.4 -- SVE
07-Jul-00 6.8 28.2 -- SVE
19-Jul-00 6.7 28.4 -- SVE
10-Oct-00 7.2 27.9 -- SVE
28-Nov-00 7.0 28.0
11-Jan-01 6.9 28.2 --
01-Mar-01 7,9 27.1 --
08-Mar-01 8.1 26.9 -
05-Apr-01 7.4 27.7
18-Apr-01 8.1 27.0 ---
18-May-01 9.6 25.4 --
01 -Jun-01 9,7 25.4
25-Jun-01 9.5 25.6 --
07-Aug-01 10.1 25.0
13-Nov-01 11.2 23.8 --
19-Dec-01 11.0 24.1 -
27-Feb-02 9.5 25.5 --
07-Jun-02 8.9 26.1 --
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TABLE I
SUMMARY OF GRO( NinWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
JB-8/MW Roadway Box 7.3- 17.3 Fill/Outwash 09-Sep-95 >17.3 <18.6 ---
35.87 14-Sep-95 - -- Dry
05-Dec-95 14.9 21.0 0.20
14-Feb-96 13.2 22.7 Trace
29-Apr-96 10.8 25.1 0.01
03-Mar-97 11.2 24.7 ND
29-Sep-97 13.5 22.3 Trace
03-Oct-97 13.6 22.3 ND
10-Oct-97 13.7 22.2 ND
04-Nov-97 13.5 22.4 Trace
03-Dec-97 11.4 24.5 Trace
05-Jan-98 11.0 24.8 Trace
30-Mar-98 8.9 27.0 Trace
15-Jul-98 10.0 25.9 Trace
22-Jul-98 10.9 25.0 ND
28-Jul-98 11.1 24.8 ND
19-Aug-98 - - ND
25-Aug-98 - - ND
03-Sep-98 - - ND
21-Apr-99 10.6 25.3 ND
24-Apr-99 10.7 25.2 -
28-Jul-00 6.1 29.8 ---
08-Aug-00 6.3 29.5 -
29-Aug-00 5.7 30.2
12-Sep-00 6.7 29.2 ---
28-Nov-00 6.4 29.5 -
11-Jan-01 6.1 29.8 ---
01-Mar-01 8.0 27.9
08-Mar-01 8.3 27.6
05-Apr-01 7.5 28.3 ---
18-Apr-01 8.5 27.3 ---
18-May-01 10.3 25.6 .--
01-Jun-01 10.5 25.4
25-Jun-01 10.3 25.6 ---
07-Aug-01 11.0 24.8
07-Sep-01 11.1 24.8 -
13-Nov-01 12.0 23.9 -
19-Dec-01 11.8 24.1
16-Jan-02 11.1 24.8
03-Feb-02 10.7. 25.2 -
15-Feb-02 10.4 25.4 -
27-Feb-02 10.4 25.5
28-Mar-02 9.5 26.4
09-May-02 10.1 25.8 -
07-Jun-02 9.5 26.3 ---
26-Jul-02 10.2 25.6 ---
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TABLE I
SUMMARY OF GROUNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
JB-14/MW Roadway Box 7.0 - 17.0 Fill/Outwash 29-Apr-96 7.4 27.2 ND
34.53 03-Mar-97 8.0 26.5 Trace
29-Sep-97 11.8 22.7 Trace
03-Dec-97 7.6 27.0 ND
30-Mar-98 6.1 28.4 ND
15-Jul-98 7.0 27.6 ND
21-Apr-99 7.4 27.1 ND
24-Apr-99 7.5 27.1 --
21-Apr-00 7.5 27.0 --- SVE
24-Apr-00 6.9 27.7 --- SVE
02-May-00 6.8 27.7 --- SVE
07-Jul-00 4.2 30.3 --- SVE
19-Jul-00 4.0 30.5 --- SVE
28-Jul-00 4.1 30.4 --- SVE
29-Aug-00 4.5 30.0 ---
12-Sep-00 4.6 29.9
28-Nov-00 4.1 30.4 --
01-Mar-01 6.0 28.5 --
18-May-01 7.8 26.7 ---
01-Jun-01 8.2 26.4 ..-
07-Aug-01 9.2 25.4 ---
07-Sep-01 10.3 24.3 ---
13-Nov-01 11.1 23.5 ...
19-Dec-01 11.0 23.5
03-Feb-02 8.9 25.6 --
15-Feb-02 8.7 25.8 ---
27-Feb-02 8.5 26.0 ---
28-Mar-02 7.7 26.8 ...
09-May-02 7.9 26.6 .--
JO-15/MW Roadway Box 4.6- 14.6 Outwash 07-Jun-99 7.2 26.8
33.99
JB-18/MW Roadway Box 10.0-25.0 Outwash 30-Mar-98 7.5 26.5 --
34.07 21-Apr-99 9.5 24.6 ---
24-Apr-99 8.5 25.6 ---
19-Jan-00 9.1 24.9 -- PRE START UP - SVE OFF
24-Apr-00 6,9 27.2 --- SVE
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TABLE 1I
SUMMARY OF GROUNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
MW-1 Roadway Box 6.0- 15.0 Fill/Outwash 03-Oct-94 - - ND
34.42 10-Oct-94 6.3 28.1 ---
14-Sep-95 - - --- Dry
05-Dec-95 - - Trace
14-Feb-96 - - Trace
29-Apr-96 - - ND
03-Mar-97 - - ND
29-Sep-97 - - ND
03-Dec-97 - - Trace
30-Mar-98 6.0 28.4 ND
15-Jul-98 - - ND
28-Jul-98 - - ND
19-Aug-98 - - ND
25-Aug-98 - - ND
03-Sep-98 - - ND
21-Apr-99 5.8 28.6 ND
24-Apr-99 7.5 26.9 -
07-Jun-99 7.4 27.0 .-.
11-Jun-99 7.5 26.9 ND
14-Jun-00 4.9 29.5 --- SVE
28-Jul-00 4.6 29.8
12-Sep-00 5.9 28.6
11-Jan-01 4.6 29.8 ---
01-Mar-01 8.6 25.8
08-Mar-01 6.8 27.7 ---
01-Jun-01 7.3 27.1 .--
07-Aug-01 7.6 26.8 --
13-Nov-01 8.3 26.1
19-Dec-01 9.5 24.9 -
03-Feb-02 8.3 26.1 ---
27-Feb-02 7.9 26.5 -
07-Jun-02 7.0 27.4 ---
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TABLE I
SUMMAnv nl rP01 NDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
MW-2 Roadway Box 6.0- 15.0 Fill/Outwash 03-Oct-94 - - ND
34.99 10-Oct-94 8.3 26.7 ---
09-Sep-95 >14.4 <20.6 .--
14-Sep-95 - - --- Dry
05-Dec-95 >14.4 <20.6 --- Dry
14-Feb-96 13.7 21.3 Trace
29-Apr-96 9.9 25.1 0.01
03-Mar-97 10.4 24.6 0.13
29-Sep-97 12.7 22.3 0.20
03-Oct-97 12.8 22.2 ND
10-Oct-97 12.8 22.2 ND
04-Nov-97 12.7 22.3 ND
03-Dec-97 10.8 24.2 0.04
05-Jan-98 10.3 24.7 ND
30-Mar-98 8.7 26.3 0.22
15-Jul-98 9.9 25.1 0.50
22-Jul-98 10.1 24.9 0.34
28-Jul-98 10.5 24.5 0.58
19-Aug-98 - - 0.19
25-Aug-98 - - 0.19
03-Sep-98 - - 0.23
21-Apr-99 9.7 25.3 0.02
24-Apr-99 9.7 25.3 - Product on probe
Destroyed during SVE/AS installation 07-Jun-99 Not Found -
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TABLE 11
SUMMARY OF GROUNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
MW-2A
Replacement
for MW-2
Roadway Box
34.99
(assumed from MW-2)
-5.0 - 14.0 Fill/Outwash 19-Jan-00
17-Mar-00
28-Mar-00
24-Apr-00
02-May-00
14-Jun-00
07-Jul-00
19-Jul-00
28-Jul-00
29-Aug-00
11-Jan-01
01-Mar-01
08-Mar-01
01-Jun-01
07-Aug-01
13-Nov-01
19-Dec-01
16-Jan-02
03-Feb-02
15-Feb-02
27-Feb-02
28-Mar-02
09-May-02
07-Jun-02
26-Jul-02
6.0- 15.0 Fill/Outwash 10-Oct-94
30-Mar-98
21-Apr-99
24-Apr-99
07-Jun-99
11-Jun-99
24-Apr-00
6.0- 15.0 Fill/Outwash 10-Oct-94
09-Sep-95
PRE-START UP - SVE OFF
SVE
SVE
SVE
SVE
vacuum In well
vacuum In well
sparging observed
9.8
6.7
7.4
6.5
6.9
4.6
4.6
4.1
4.4
4.9
4.2
6.4
6.5
9.0
10.0
10.8
10.9
10.3
9.6
9.2
9.1
8.0
8.5
7.6
8.8
8.1
7.8
9.4
9.5
10.2
10.5
Filled
8.0 -
>13.1 -
Not Available Not Available
Not Available Not Available 10-Oct-94 7.8
25.2
28.3
27.6
28.5
28.1
30.4
30.4
30.9
30.6
30.1
30.8
28.6
28.5
26.0
25.0
24.2
24.1
24.7
25.4
25.8
25.9
27.0
26.5
27.4
26.2
27.1
27.4
25.8
25.7
25.0
24.7
MW-3
MW-4
MW-5
MW-A
SVE
Roadway Box
35.20
Destroyed
Elev. Not Available
Roadway Box
35.45
Destroyed
Elev. Not Available
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TABLE 11
SUMMARY OF 1'NWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
MW-B Roadway Box Not Available Not Available 03-Oct-94 - - ND
35.45 10-Oct-94 8.4 27.0 ---
09-Sep-95 14.1 21.3 ---
14-Sep-95 - - ND
05-Dec-95 >14.9 <20.0 .-- Dry
14-Feb-96 12.8 22.6 Trace
29-Apr-96 10.0 25.4 ND
03-Mar-97 10.5 24.9 ND
29-Sep-97 12.8 22.7 ND
03-Oct-97 12.9 22.5 ND
10-Oct-97 13.0 22.5 Trace
04-Nov-97 12.9 22.5 Trace
03-Dec.97 11.0 24.5 ND
05-Jan-98 10.5 25.0 ND
30-Mar-98 7.8 27.7 ND
15-Jul-98 9.0 26.5 ND
22-Jul-98 10.3 25.1 ND
28-Jul-98 10.5 25.0 ND
19-Aug-98 - - ND
25-Aug-98 - - ND
03-Sep.98 - - ND
21-Apr-99 9.9 25.6 ND
24-Apr-99 10.1 25.4 -
07-Jun-99 10.8 24.7
11-Jun-99 11.2 24.3 ND
02-May-00 --- --- --- Filled
MW-C Roadway Box Not Available Not Available 10-Oct-94 10.1 22.2 .--
32.29 24-Apr-99 10.5 -
MW-D Roadway Box Not Available Not Available 24-Apr-99 Filled -
34.90
MW-E Roadway Box Not Available Not Available 24-Apr-99 10.0 22.2 --- BOTTOM AT 10.45
32.23 10.1 22.2 ---
24-Apr-00 9.3 22.9 -- SVE
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TABLE 11
SUMMARY OF GROUNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
Not Available Not Available 24-Apr-99
24-Apr-00
Filled
Filled
"BOTTOM" AT 7.15
Not Available Not Available 24-Apr-99 Filled
24-Apr-00 Filled
7.0-12.8 Fill/ 06-Jul-00
(El. 28.8-23.0) Glaciolacustrine 28-Jul-00
6.9-12.9 Fill/ 06-Jul-00
(El. 28.9-22.9) Glaciolacustrine 28-Jul-00
Roadway Box
33.97
Roadway Box
35.23
Roadway Box
35.77
Top of Pipe
34.87
Roadway Box
35.78
Top of Pipe
35.18
Roadway Box
36.06
Top of Pipe
35.36
Roadway Box 4.0-12.0
35.0* (El. 31.0-23.0)
Roadway Box 5.8-13.0
35.3* (El. 29.5-22.3)
4.4-11.7
(El. 31.3-24.0)
5.0-12.0
(El. 29.8-22.8)
Fill/ GI.lacustrine 06-Jul-00
28-Jul-00
Fill/ Gl.1acustrine 06-Jul-00
28-Jul-00
Fill/ G1.iacustrine 06-Jul-00
28-Jul-00
FIll/ Gi.lacustrine 06-Jul-00
28-Jul-00
Fill/ GlIlacustrine 06-Jul-00
28-Jul-00
Roadway Box 5.5-12.3 Fill/ G.1acustrine 06-Jul-00
34.3* (El. 28.8-22,0) 28-Jul-00
7.0 28.8
7.5 28.3
--- Screen Submerged
--- Vacuum Applied
6.4 29.4 -- Screen Submerged
5.2 30.6 -- Screen Submerged
5.1 31.0 -- Screen Submerged
6.3 29.8 -- Screen Submerged
- - --- Vacuum Applied
- - --- (based on JB-8 at El. 29.8)
- - --- Screen Submerged
4.2 31.1 --- Screen Submerged
3.7 32.0 --- Screen Submerged
5.3 30.4 --- Vacuum Applied
4.4 30.4 --- Screen Submerged
Screen Submerged
- - --- Screen Submerged
4.0 30.3 -- Screen Submerged
7.5-10.5
(El. 28.6-25.6)
MW-F
MW-G
SVE-1
SVE-2
SVE-3
SVE-4
SVE-5
SVE-6
SVE-7
SVE-8
Roadway Box
35.72
Roadway Box
34.79
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TABLE 1I
SUMMARY OF GROUNDWATER LEVEL AND NAPL DATA
MONITORING REFERENCE DEPTH OF SCREENED MONITORING DEPTH TO GROUNDWATER NAPL COMMENTS
WELL POINT AND SCREENED GEOLOGIC DATE GROUNDWATER ELEVATION Thickness
DESIGNATION ELEVATION INTERVAL UNIT (feet) (feet) (feet)
(feet) (feet)
NOTES:
1. Depths measured relative tc "ted reference point.
2. Elevations referenced Is 5.82 ft. below the National Geodetic Vertical Datum of mean sea level.
3. - Indicates well was not monftoreo Tor presence or NAPL.
4. - Indicates information not available/applicable.
5. Readings prior to 21 April 1999 were provided by
6. "ND" indicates LNAPL was not detected.
7. "Trace" Indicates LNAPL was present at an Immeasurable thickness.
8. "Present" Indicates LNAPL was present but its thickness was not measured.
9. * indicates estimated at time of construction based on hand-level elevations.
MONITORING WELL LOG
'PEC. ru
4 :NsPEcro:R~:-I
Stickup/Elevation of
Top of Riser -- >
0 Pipe
Depth/Elevation-of
Bottom of ->
Protective Casing
K
Depth/Elevation of
Riser Pipe ->
1<--
ii
J
Type of Filter
Around Screen
Depth/Elevation of
-- Bottom of Screen
Depth/Elevation
of Bottom of
Borehole -
TYPE DIAMETER LENGTH
Allumin 6" 10"
PVC 2" 10.0'
PVC 2" 15.0'
-I
Stickup/Elevation of
Protective Casing
Type and Depth
of Surface Seal
Backfill Material
Diameter of
Borehole
Type of Seal
Depth to Top of Seal
Thickness of Seal
SURFACEa.~
J
10.01
i .8
0
Concrete
.3'
Native
0.5'
Bentonite
7.0'
2.0'
Silica Sand
25'
TO.
PROJECT NAME _
REPORT SENT TO
____ ADDRESS
LOCATION
OUR JOB NO.
SHEET 1 OF L
HOLE NO. AS-1
PROJ. NO.
SURF. ELEV.
GROUND WATER OBSERVATIONS CASING SAMPLER CORE BAR- DATE
At after ____ Hours Type H/S/A S/S Start
Size I.D. 3-1/4" 1-3/8" Complete
At after ___ Hours Hammer Wt. 140# BIT Boring Foreman ____
Hammer Fall 3__ Inspector/Engr.
LOCATION OF BORING
C Blows per 6' Strata SOIL OR ROCK IDENTIFICATION
SSample Dth T on Sampler sty Change Remarks include color, gradation, type of soil etc. SAMPLE
f From - To ty o Elev./ Rock-color, type, condition, hardness, drilling time,per foot Sample 0-6 FI-2 12-18 Consist. Depth seams, etc. No. Pen' Rec
-FILL-
5 5.0-7.0 D 3 14 24 Fine SAND and fine to medium Gravel 1 24 14
18
7.0-90 D 16 29 32 7.0 Fine to medium SAND, trace silt 2 24 1E
17
.9.0-1..0 D 9 1 4 Silty fine SAND, little fine gravel 3 24 8
10 20 -GLACIOLACUSTRINE DEPOSITS-
11.0-13.0 D 17 20.i8 Gray Silty CLAY and Brown sandy Silt
S3015.0 D 12 15 25 13.0 Brown fine to coarse SAND, trace fine gravel 5 24 20
_ 20 
-UWS EOIS
15 15.0-17.0 D 24 28 30 OUT ASHDEPOSITS- 6 24 24
Brown silty fine SAND -
17.0 Bottom of Boring 17'
Sparge Point at 16.5'
15'of 1" Solid PVC
1/2 Bag of Hole Plug
2 Bags of Cement
1/2 Bag of Bentonite Powder
GROUND SURFACE TO USED
Sample Type Proportions Used
D=Drive C=Cored W=Washed trace 0 to 10%
UP=Fixed Piston UT=Shelby Tube little 10 to 20%
TP=Test Pit A=Auger some 20 to 35%
OE = Open End Rod and 35 to 50%
* 300# hammer
CASING: THEN
140 lb. Wt x 30" fall on 2" O.D. Sampler
Cohesionless Density Cohesive Consistency
0-10 Loose 0-4 Soft
10-30 Med. Dense 4-8 M./Stiff
30-50 Dense 8-15 Stiff
50+ Very Dense 15-30 V-Stiff
SUMMARY:
Earth Boring I
30 + Hard Rock Coring
Samples 
_6 _
FHOLE NO. AS-1
TO
PROJECT NAME -
REPORTSENTTO
GROUND WATER OBSERVATiONS
At after Hours
At after Hours
ADDRESS
__LOCATION
OUR JOB N -
CASING SAMPLER
Type
Size I.D.
Hammer W.
Hammer Fall
HW
4'
24'
S/S
1-3 /fr'
140#
30'L
SHEET 1 OF L
HOLE NO. .AS-2
PROJ. NO.
SURF. ELEV.
CORE BAR.
Start
Complete
BIT Boring Foreman
. Inspector/Engr.
DATE
LOCATiON OF BORING
LOCA ION OF BORING Blows per 6 M Strata SOIL OR ROCK IDENTIFICATIONCasing Sample Depths Type on Sampler Moisture Change SAMPLEDet lw rm-T of F ro o estyo Ee. Rock-color, type, condition, hardnes-s, drilling time,Depth Blows To ml From To Dnsity O Remarks include color, gradation, type of soil etc.per fool Frm-T apie 6 6-1 2-1 Consist. s okclr y eams n etc dnsdi'itm No. Pen" Re
21 32
41
6.0-8.0 D 31 28 27
18
8.0-10.0 D 14 17 19
20
10.0-12.0 D 23 25 39
35
12.0-14.0 D 19 29 61
42
14.0-15.5 D 23 26 100
.......... 16.0-16.5 
...D 100-b ... ..... .
GROUND SURFACE TO USED
Sample Type Proportions Used
D=Drve C=Cored W=Washed trace O to 10%
UP= Fixed Piston UT=Shelby Tube little 10 to 20%
TP=Test Pit A=Auger some 20 to 35%
OE = Open End Rod and 35 to 50%
* 300# hammer
8.0
11.0
17.0
(Hole moved 3' West of Original Location after
having client dig Test Pit to expose utility.)
-FILL-
Fine to coarse SAND and fine to coarse Gravel
Fine to coarse SAND, trace fine gravel
Fine to coarse SAND and Yellow Brown Silt
-GLACIOLACUSTRINE DEPOSITS-
Fine to coarse silty SAND
Gravelly fine to coarse SAND, little silt
Silty fine to coarse SAND, little silt
-OUTWASH DEPOSITS-
Bottom of Boring 17'
Sparge Point at 16.5'
15' of 1" Sch. 40 Riser
One Bag of Hole Plug
One Bag of Sand
2 Bags of Cement
1/4 Bag of Bentonite Powder
2
3
4
5
6
24
24
24
24
24
18
-i
CASING: THEN
140 lb. Wt x 30" fall on 2" O.D. Sampler SUMMARY
Cohesionless Density Cohesive Consistency Earth Boring _7
0-10 Loose 0-4 Soft 30 + Hard Rock Coring
10-30 Med. Dense 4-8 M./Stiff Samples30-50 Dense 8-15 Stiff
50+ Very Dense 15-30 V-Stiff HOLE NO. ASg
45.0. 0 9
5
10
15
TO
PROJECT NAME.
REPORT SENT TO
GROUND WATE
At
At
_- ADDRESS -
LOCATION
OUR JOB NO
R OBSERVATIONS
after ___ Hours
after Hours
Type
Size I.D.
Hammer Wt.
Hammer Fall
SHEET I OF __
HOLE NO. _AS-3
PROJ. NO.
SURF. ELEV.
CASING SAMPLER CORE BAR.
H/S/A S/S Start ___
3-1/4" 1-3/8" Complete ___
_ 
140# BIT Boring Foreman __
30" Inspector/Engr.
DATE
LOCATION OF BORING
Blows per 6' M Strata SOIL OR ROCK IDENTIFICATION
C SampleDeptyp on Sampler M ChsaC SAMPLE
Depth Blows Tpeof From To Density or Cange Remarks include color, gradation, type of soil etc.C poTFrom - To Elev./ Rock-color, type, condition, hardness, drilling time,per foot Sample .6 - 12--1 Consist. Depth seams, etc. No. Pen* Re
-FILL-
5 5.0-7.0 D 6 11 15 Fine to coarse SAND and fine to medium Gravel 1 24 1
17
7.0- 90 D 1-8 9 8
1. .- GLACIOLACUSTRINE DEPOSITS-
1o0 9.0-11.0 D 7 15 1710.0SandySILT10 22
- - - - -
ine to coarse S A .and
- Gray silty fine to coarse SAND, trace fine to
130-15.0 D 19 medium gravel 2
15 .. 7 -OUTWASH DEPOSITS-
15 15.0-16.0 D 54 100 Gray gravelly fine to coarse SAND 6 12
17.0 Bottom of Boring 17'
Sparge Point could not be installed due to
Running Sand 2' up in Augers - Pulled Augers per
H&A - Hole caved to 8'
Came back later - Redrilled hole with 7' casing to
16'
Grouted Hole: 4 Bags of Cement - 3/4 Bag of
Bentonite Powder
GROUND SURFACE TO_ USED
Sample Type Proportions Used
D=Drive C=Cored W=Washed trace 0 to 10%
UP=Fixed Piston UT= Shelby Tube little 10 to 20%
TP= Test Pit A= Auger some 20 to 35%
OE = Open End Rod and 35 to 50%
* 300# hammer
Cohesionl
0-10
10-30
30-50
50+
CASING: THEN
140 lb. Wt x 30" fall on 2* O.D. Sampler
ess Density Cohesive Consistency
Loose 0-4 Soft
Med. Dense 4-8 M./Stiff
Dense 8-15 Stiff
Very Dense 15-30 V-Stiff
SUMMARY
Earth Boring 11
30 + Hard Rock Coring
Samples 
_.6
HOLE NO. AS-3
TO
PROJECT NAME _ - ___
REPORT SENT TO _
GROUND WATER OBSERVATIONS
At after ___ Hours Type
Size I.D.
At after _____ Hours Hammer Wt.
Hammer Fall
ADDRESS
_ LOCATION -
OUR JOB NO.
SHEET 1 OF _
HOLE NO. AS-3 _
PROJ. NO.
SURF. ELEV.
CASING SAMPLER CORE BAR.
HW NV-11L
4 _
300# BIT
24' Dia.
DATE
Start
Complete
Boring Foreman _
Inspector/Engr.
LOCATnON OF BORING
Blows per 6' Strata SOIL OR ROCK IDENTIFICATIONCasing Sample Depths Type on Sampler Moisture ChangeSAMPLE
Depth Blows Frm DeThs of From To Density or Remarks include color, gradation, type of soil etc.
per foot Sample 6-12 12-18 Consist. ev Rock-color, type, co tn, hardness, drilling time, No. Pen" Rf
____________ ______ 
___ ________Depth seams. etc.NoIPe*14
No Samples
Refusal at 14'- Roller Bit 6' Possible Bedrock
5 Moved
No Samples to 13' Refusal -Roller Bit 10 14'
10
in/F t 13.0
14,0-17.0 C 5.5 Cl 38
15 5.5 Gray Pink medium grained GRANITE
5.5 -BEDROCK--
17.0 Bottom of Boring 17'
No Sparge Point
Grouted Hole: 2 Bags of Cement
1/2 Bag of Bentonite Powder
GROUND SURFACE TO USED CASING: THEN
Sample Type Proportions Used 140 lb. Wt x 30' fall on 2 O.D. Sampler
D=Drve C=Cored W=Washed trace 0 to 10% Cohesionless Density Cohesive Consistency
UP=Fixed Piston UT=ShelbyTube little 10 to 20% 0-10 Loose 0-4 Soft
TP= Test Pit A = Auger some 20 to 35% 10-30 Med. Dense 4-8 M./Stiff
OE = Open End Rod and 35 to 50% 30-50 Dense 8-15 Stiff
* 300# hammer 50+ Very Dense 15-30 V-Stiff
SUMMARY:
Earth Boring _4
30 + Hard Rock Coring 3_
1 HOLE NO. AS-3A
TO _
PROJECT NAME .
REPORT SENT TO
ADDRESS
LOCATION
OUR JOB NO.
SHEET 
_ _OF
HOLE NO. AS-4
PROJ. NO.
SURF. ELEV.
GROUND WATER OBSERVATIONS CASING SAMPLER CORE BAR. DATE
At after _ Hours Type H/S/A S/S Start
Size I.D. HW 1-3/8* Complete
At ____after ___ Hours Hammer Wt. 300# 140# BIT Boring Foreman
Hammer Fall 24' 30 _ Inspector/Engr.
LLOCA TION OF BORING
Blows per 6* Strata SOIL OR ROCK IDENTIFICATIONCasing Sample Depths Type on Sampler Moisture Change SAMPLE
Depth Blows of From TO Density or Remarks include color, gradation, type of soil etc.Dep Bos From - To of F To Densit Elev./ Rock-color, type, condition, hardness, drilling time,perfot amleF,- 1-1 1-1 Cosit-Dethseams, etc. 'No. Pen" Ret
-FILL-
5.0-7.0 D 7 13 14 Gray fine to coarse SAND, trace fine gravel 1 24 1'
23
7.0-9.0 D 16 24 16 Fine to coarse SAND 2 24 1j
16
-9.0-1 D 7 12 8.6 Yellow Brown CLAY 3 - 4 .
10 21 -GLACIOLACUSTRINE DEPOSITS-
11.0-13.0 D -34 . 10.6 Brown SILT, trace fine sand 424 .
Brown silty fine to coarse SAND, trace fine gravel
. -130-15.0 D 32 29 34 -OUTWASH DEPOSITS- 5 2 2
33
15 15.0-16.0 D 55 100 Brown fine to coarse SAND, little silt 6 12 1I
17.0 Bottom of Boring 17
Note: Running Sand in Augers - Sparge Point not
installed
Redrilled with HW and installed Sparge Point at
16.5'
15' of 1"Sch. 40 Screen
One Bag of Sand
One Bag of Hole Plug
2 Bags of Cement
1/4 Bag of Hole Plug
GROUND SURFACE TO USED CASING: THEN
Sample Type Proportions Used 140 lb. W x 30' fall on 2* O.D. Sampler
D=Drive C=Cored W=Washed trace 0 to 10% Cohesionless Density Cohesive Consistency
UP=Fixed Piston UT=Shelby Tube little 10 to 20% 0-10 Loose 0-4 Soft
TP= Test Pit A = Auger some 20 to 35% 10-30 Med. Dense 4-8 M./Stiff
OE = Open End Rod and 35 to 50% 30-50 Dense 8-15 Stiff
* 300# hammer 50+ Very Dense 15-30 V-Stiff
SUMMARY:
Earth Boring A .
30 + Hard Rock Coring
Samples _6 _
HOLE NO. AS-4
TO _.
PROJECT NAME -
REPORT SENT TO
ADDRESS
LOCATION -
OUR JOB NO.
SHEET 1 OF
HOLE NO. AS-5
PROJ. NO.
GROUND WATER OBSERVATIONS CASING SAMPLER CORE BAR. DATE
At ____after 
___ Hours Type HW 
_S_S Start
Size I.D. 4@ -1-3 /8" Complete
At after Hours Hammer Vt. 300# 140# BIT Boring Foreman
Hammer Fall 240 30 
_ Inspector/Engr.
LOCA TiON OF BORING
C T Blows per 6' Strata SOIL OR ROCK IDENTIFICATIONCasing peDph Type on Sampler MoistureDt Sample Depths F o o Mnityr Change SAMPLEDepth Blows of From To Density or Remarks include color, gradation, type of soil etc.per fo From - To pe 6 -1 Consist. Eev Rock-color, type, condition, hardness, drilling time,perfot amle -6Cosit.Depth seams, etc. N.PnR
10
15
..... I ... ...................... ..... ............ I
......... ............................. .............
........ I ............................. .............
........ ... ..................... ... . ...........
4.0-6.0 D
.............
.......... -
.............
.............
5 3
I .............
..............
..............
..............
6
19
6.0-8.0 D 22 49 35
37
8.0-10.0 D 15 21 26
52
10.0-11.0 D 57 71
120-14.0 D 22 33 55
57
14.0-14.5 D 110
1.6 .0 -1 6.3 D. ... 100/64 j....
GROUND SURFACE TO USED
Sample Type Proportions Used
D=Drive C=Cored W=Washed trace 0 to 10%
UP=Fixed Piston UT=Shelby Tube little 10 to 20%TP= Test Pit A= Auger some 20 to 35%
OE = Open End Rod and 35 to 50%
* 300# hammer
8.6
9.5
16.3
-FILL-
Brown gravelly fine to coarse SAND, trace silt
Fine to coarse SAND, little silt & fine to medium
gravel
Yellow Br. Silt -GLACIOLACUSTRINE DEPOSITS-
Gravelly fine to coarse SAND, little silt
-OUTWASH DEPOSITS-
Gravelly fine to coarse SAND, trace silt
Bottom of Boring 16.3'
Sparge Point Installed at 15'
15' of 1" Sch. 40 Riser
One Bag of Sand
One Bag of Hole Plug
2 Bags of Cement
1/2 Bag of Bentonite Powder
CASING: THEN
140 lb. Wt x 30' fall on 2' O.D. Sampler
Cohesionless Density Cohesive Consistency
0-10 Loose 0-4 Soft
10-30 Med. Dense 4-8 M./Stiff
30-50 Dense 8-15 Stiff
50+ Very Dense 15-30 V-Stiff
4
6
24
2412
6
-
SUMMARY:
Earth Boring 
_30 + Hard Rock Coring
Samples 7
HOLE NO. AS-5
I I I I
TO
PROJECT NAME _ _
REPORT SENT TO
GROUND WATER OBSERVATIONS
At after __ Hours
At after __ Hours
ADDRESS 
_
___ LOCATION
OUR JOB NO. 
_
SHEET 1 OF 1
HOLE NO. _VF-1
PROJ. NO.
SURF. ELEV.
CASING SAMPLER CORE BAR.
Type
Size I.D.
Hammer WI.
Hammer Fall
H/S/A
-6-1 /4"
BIT
DATE
Start
Complete
Boring Foreman
inspector/Engr.
LOCATION OF BORING
C T Blows per 6 M Strata SOIL OR ROCK IDENTIFICAT10Nasing Sample Depths yp on Sampler MoistureChange SAMPLEDepth Blows F of From To Density or Remarks include color, gradation, type of soil etc.
per foot rom o Sample 0 1 1-1 Consist.Elev/ Rock-color, type, condition, hardness, drilling time,
S Deph seams, etc. No Pen Re(
-FiLL-
5.0-7.0 D 8 8 16 Gray coarse to fine SAND 1 24 V
26
7.0490 D 47 58 30 2 24 1
24 8.0 Yellow Brown SILT
10 - -GLACIOLACUSTRINE DEPOSITS-
(Augered to 12' for Well) - - - - -
12.0 Bottom of Boring 12'
Installed 4' PVC Well at 11.8'
8' Screen - 4' Riser
6 Bags of Sand
One Bag of Hole Plug
1/2 Bag of Cement
GROUND SURFACE TO USED
Sample Type Proportions Used
D=Drive C=Cored W=Washed trace 0 to 10%UP=Fixed Piston UT=Shelby Tube little 10 to 20%
TP= Test Pit A= Auger some 20 to 35%OE = Open End Rod and 35 to 50%
* 300# hammer
Cohesionl
0-10
10-30
30-50
50+
CASING: THEN
140 lb. Wt x 30' fall on 2" O.D. Sampler
ess Density Cohesive Consistency
Loose 0-4 Soft
Med. Dense 4-8 M./Stiff
Dense 8-15 Stiff
Very Dense 15-30 V-Stiff
SUMMARY:
Earth Boring 
_12_
30 + Hard Rock Coring 
_
Samples 2
HOLE NO. SVE-1
_
TO __
PROJECTNAME _
REPORT SENT TO
GROUND WATER OBSERVATIONS
At after __ Hours Type
Size I.D.
At after ____ Hours Hammer W1.
Hammer Fal
ADDRESS
_ LOCATION
OUR JOB NC _
SHEET 1 OF L
HOLE NO. _Y-Z___
PROJ. NO.
SURF. ELEV.
CASING SAMPLER CORE BAR.
H/S/A S/S
6-114 1-3/8 L
140# BIT
on"
DATE
Start
Complete
Boring Foreman
Inspector/Engr.
LOCAT1ON OF BORING
Blows per 6' Strata SOIL OR ROCK IDENTIFICATIONCasing sample Depths Type on Sampler Moisture Change R SAMPLE
DphBwsof From To Density or Remarks include color, gradation, type of soil etc.
per ows From - To o Fmple o- -1 D2- it C r Es ev. / Rock-color, type, condition, hardness, drilling time, No Pen Rper fot Sampe 0-6 6-12 1-'18 Cnsist.Depthseams. etc.NoIPe*lt
FILL Material
.7.0-9.0 . D 14 1 21 . -16 -7.3 Silty CLAY . 24 1
17
10 -GLACIOLACUSTRINE DEPOSITS-
(Augered to 12' for Well)--
12.0 Bottom of Boring 12'
Installed 4" PVC Well at 11.7'
7' Screen - 5' Riser
6 Bags of Sand
One Bag of Hole Plug
1/2 Bag of Cement
Bentonite Powder
GROUND SURFACE TO
Sample Type
D=Drive C=Cored W=Washed
UP=Fixed Piston UT= Shelby Tube
TP= Test Pit A = Auger
OE = Open End Rod
* 300# hammer
USED
Proportions Used
trace 0 to 10%
little 10 to 20%
some 20 to 35%
and 35 to 50%
CASING: THEN
140 lb. Wt x 30" fall on 2 O.D. Sampler
Cohesionless Density Cohesive Consistency
0-10 Loose 0-4 Soft 30
10-30 Med. Dense 4-8 M./Stiff
30-50 Dense 8-15 Stiff
50+ Very Dense 15-30 V-Stiff
SUMMARY:
Earth Boring 121
Hard Rock Coring 
-
Samples _
HOLE NO. SVE-2
TO
PROJECT NAME .
REPORT SENT TO
GROUND WATER OBSERVATIONS
At after ____ Hours Type
Size I.D.
At after ____ Hours Hammer W.
Hammer Fall
ADDRESS
_ LOCATION
OUR JOB NO.
CASING
H/S/A
6-1/4"
SAMPLER
S/S
1-3/1(
140#
3(Y
SHEET _ OF L
HOLE NO. E
PROJ. NO
SURF. ELEV.
CORE BAR. DATE
BIT
Start
Complete
Boring Foreman
Inspector/Engr._
LOCATION OF BORING
Blows per 6' Strata SOIL OR ROCK IDENTIFICATONCasing Sample Depths Type on Sampler Moisture Change .SAMPLE
Depth Blows of From To Density or C Remarks include color, gradation, type of soil etc.
per foot From - To aple Consist. Elev./ Rock-color, type, condition, hardness, drilling time.
-FILL-
5 5.0-7.0 D 11 19 32 Brown medium SAND 1 24 12
................................ ........... .......... 23 ......... ..... ..
7. 0- 90 D.17...........
8.5 Gray SILT, trace fine to medium sand -
10- -GLACIOLACUSTRINE DEPOSITS-
10.5 Refusal - Bottom of Boring 10.5'
Installed 4 PVC Well at 10'
4' Screen - 6.5' Riser
4 Bags of Sand
1/2 Bag of Hole Plug
One Bag of Cement
1/4 Bag of Bentonite Powder
GROUND SURFACE TO USED
Sample Type Proportions Used
D=Drive C=Cored W= Washed trace 0 to 10%
UP=Fixed Piston UT=Shelby Tube little 10 to 20%
TP= Test Pit A=Auger some 20 to 35%
OE = Open End Rod and 35 to 50%
* 300# hammer
CASING: THEN
140 lb. Wt x 30' fall on 2" O.D. Sampler
Cohesionless Density Cohesive Consistency
0-10 Loose 0-4 Soft
10-30 Med. Dense 4-8 M./Stiff
30-50 Dense 8-15 Stiff
50+ Very Dense 15-30 V-Stiff
SUMMARY:
Earth Boring ,
30 + Hard Rock Coring
Samples -2
HOLE NO. SVE-3
TO
PROJECT NAME -
REPORT SENT TO _
ADDRESS _
- LOCATION .
OUR JOB NO.
SHEET 1 OF I
HOLE NO. SVE-
PROJ. NO.
SURF. ELEV.
GROUND WATER OBSERVATIONS CASING SAMPLER CORE BAR. DATE
At _ after __ Hours Type H/S/A Ss Start
Size l.D. -6-1/4- 1-3/ Complete
At _ after ____ Hours Hammer WM. 140# BIT Boring Foreman
Hammer Fall 30" Inspector/Engr.
LOCATION OF BORING
as 
-- Tp Blows per 6" itr Strata SOIL OR ROCK IDENTIFICA TION
C'asing Sample DepthsT on Sampler MstrChne SAMPLEDepth Blows of From To Density or Ehen Remarks include color, gradation, type of soil etc.
per toot From -T mple Rock-color, type, condition, hardness, drilling time, No. Pen" Re
per_ foot_ Sample__ ____ 12_18 Conist Depth___ seams, etc.No enFe
10
.................. ............................. .............. I .............. ... .......... .............
................. ............................. .............. .............. ..... I ........ .........
......... .. I ..... .......... ........ ........... .. .............. .............. .............
................. 
............................. 
............. ....... -* " * .........
................. .. -.1.................... - --  I  I .. I ... ...
..............  .... ..............  ......... ...... ...
7.0-9.0 D 8 11 19
......... .. I ........... I .............. .............. .... I.... , ... .. ....... ... . .... I .......
18
............ ... .. ........... ................ - .1 .......... .............. .............. ..............
............. I ............. .......... ... .............. ........ - ... ... ....
...................... ..... .. .. .. .............. ............ - I ... .........
...................... I .... . ............ .............. .............. ..............
GROUND SURFACE TO USED
Sample Type Proportions Used
D=Drive C=Cored W=Washed trace 0 to 10%
UP=Fixed Piston UT=Shelby Tube little 10 to 20%
TP=Test Pit A=Auger some 20 to 35%OE = Open End Rod and 35 to 50%
* 300# hammer
6.0
13.0
-FILL-
Yellow Brown SILT
-GLACIOLACUSTINE DEPOSITS-
(Augered to 13' for Well)
Bottom of Boring 13'
installed 4" PVC Well at 12'
9' Screen - 4' Riser
7 Bags of Sand
One Bag of Hole Plug
Cement & Bentonite Powder
CASING: THEN
140 lb. Wt x 30" fall on 2" O.D. Sampler
Cohesionless Density Cohesive Consistency
0-10 Loose 0-4 Soft
10-30 Med. Dense 4-8 M./Stiff
30-50 Dense 8-15 Stiff
50+ Very Dense 15-30 V-Stiff
24 2
SUMMARY:
Earth Boring 
_j_3_
30 + Hard Rock Coring
Samples 
-4
HOLE NO. SVE-4
TO
PROJECT NAME _
REPORT SENT TO
GROUND WATER OBSERVATIONS
At after _____ Hours
At after ___ Hours
ADDRESS _
LOCATION -
OUR JOB NO.
CASING SAMPLER
Type
Size I.D.
Hammer W.
Hammer Fall
H/S/A
6-1/4"
S/S
1-3/8"
140#
SHEET 1 OF 1
HOLE NO. SVE
PROJ. NO.
SURF. ELEV.
CORE BAR.
Start
Complete
BIT Boring Foreman
Inspector/Engr.
DATE
LOCA TION OF BORING__
L Caing I Depths Typ Blows per 6' Strata SOIL OR ROCK IDENIFICATIONCasing ample on Sampler Moisturechange SAMPLE
Depth Blows of From To Density Remarks include color, gradation, type of soil etc.From - To or Elev./ Rock-color, type, condition, hardness, drilling time,per foot Sample 6-12 12-1 Consist. Depth seams, etc. No. Pen* Re
(Hole moved 9' from Original Location - Utilities)
5.0-7.0 D 2 3 3 Gray Brown medium SAND 1 24 U
4
.0-8.5 D 5 8 50 (Spoon Bouncing - Moved 3 more feet) 2 18
D 15' 8 29.0 Brown fine to coarse SAND and Yellow Brown Silt 3 4
10 24
............ ........,- .  ....- G...LAC..... .L..ACU...-G AC O LNEM N D POEP - ......T.....-. ...
13.0 Bottom of Boring 13'
Note: Augered to 9' - 8.5' to 9' Concrete - Pulled
Augers - Removed Concrete Plug
Note: Hole stopped 1/2 to 3/4 Hour due to
extremely high HNU Readings.
Installed 4' PVC Well at 13'
7' Screen - 5' Riser
8 Bags of Sand
One Bag of Hole Plug
Cement & Bentonite Powder
GROUND SURFACE TO USED
Sample Type Proportions Used
D=Drive C=Cored W=Washed trace 0 to 10%
UP=Fixed Piston UT=Shelby Tube little 10 to 20%
TP= Test Pit A = Auger some 20 to 35%
OE = Open End Rod and 35 to 50%
* 300# hammer
CASING: THEN
140 lb. Wt x 30' fall on 2' O.D. Sampler
Cohesionless Density Cohesive Consistency
0-10 Loose 0-4 Soft
10-30 Med. Dense 4-8 M./Stiff
30-50 Dense 8-15 Stiff
50+ Very Dense 15-30 V-Stiff
SUMMARY:
Earth Boring 13L
30 + Hard Rock Coring
Samples .I
HOLE NO. SVE-5
TO ADDRESS _
PROJECT NAME .. LOCATION -
REPORT SENT TO ___ OUR JOB NO.
GROUND WATER OBSERVATIONS CASING
At 12.0 - afterC.Qfp.Hours Type H/S/A
Size I.D. 6-1/4'
At after ,___ Hours Hammer Wt.
Hammer FaJI
SHEET 1 OF 1
HOLE NO. SVE-7
PROJ. NO.
SURF. ELEV.
SAMPLER CORE BAR.
S/S
1-3/8"
140#
3T"
BIT
DATE
Start
Complete
Boring Foreman
Inspector/Engr.
LOCATION OF BORING
Blows per 6' Strata SOIL OR ROCK IDENTlFICATIONCasing Sample Depths ype on Sampler Moisture C SAMPLE
Depth Blows of From To Density or Remarks include color, gradation, type of soil etc.
per foot From - To pe -1 Consist. ev. Rock-color, type, condon, hardness, drilling time, No. Pen" Rec
-FILL-
5
7.0-9.0 . D 19 . 22 17 Fine to coarse SAND & fine Gravel
15 8.0 GraysandySILT
10
-GLACIOLACUSTRINE DEPOSITS-
12.0 Bottom of Boring 12'
Installed 4' PVC Well at 11.8'
7' Screen - 4' Riser
7 Bags of Sand
1/2 Bag of Hole Plug
Cement & Bentonite
GROUND SURFACE TO USED CA
Sample Type Proportions Used
D=Drive C=Cored W=Washed trace 0 to 10% Cohesionless;
UP=Fixed Piston UT=Shelby Tube little 10 to 20% 0-10
TP=Test Pit A=Auger some 20 to 35% 10-30
OE = Open End Rod and 35 to 50% 30-50
* 300# hammer 50+
SING: THEN
140 lb. Wt x 30" fall on 2' O.D. Sampler SUMMARY:
Density Cohesive Consistency Earth Boring 121
Loose 0-4 Soft 30 + Hard Rock Coring
Med. Dense 4-8 M./Stiff Samples 1Dense 8-15 Stiff
Very Dense 15-30 V-Stiff HOLE NO. SVE-7
SHEET 1 OF 1
____ADDRESS 
-
_ HOLE NO. _S8E- __
LOCATION . PROJ. NO.
OUR JOB NO. SURF. EL EV.
TO_
PROJECT NAME
REPORT SENT TO
GROUND WATER OBSERVATIONS CASING SAMPLER CORE BAR.
At after ___ Hours Type H/S/A S/s Start
Size I.D. 6-/" 1-3 /a! Complete
At after ____ Hours Hammer Wt. 140# BIT Boring Foreman
Hammer Fall 30 Inspector/Engr.
LOCATION OF BORING
Blows per 6 M Strata SOIL OR ROCK IDENTIFICATIONCasing S Eon Sampler CNeDepth Blows of From TO Density or Remarks include color, gradation, type of soil etc.
perfoot Fron - To Sample 0-6 6-12 1 -1 Consist. Eev. Rock-color, type, condition, hardness, drilling time, No. Pen' Re
-FILL-
5
Fine to coarse SAND & fine Gravel
7.0-9.0 D.......17 14 1 24 21
24 7.5 Yellow Brown SILT -
104
10 I-GLACIOLACUSTRINE DEPOSITS-
12.5 Bottom of Boring 12.5'
Installed 4* PVC Well at 12.3'
7' Screen - 4.5' Riser
8 Bags of Sand
1/2 Bag of Hole Plug
Cement & Bentonite Grout
GROUND SURFACE TO
Sample Type
D=Drive C=Cored W
UP=Fixed Piston UT=
TP= Test Pit A = Auger
OE = Open End Rod
* 300# hammer
USED
Proportions Used
=Washed trace 0 to 10%
Shelby Tube little 10 to 20%
some 20 to 35%
and 35 to 50%
CASING: THEN
140 lb. Wt x 30' fall on 2" O.D. Sampler
Cohesionless Density Cohesive Consistency
0-10 Loose 0-4 Soft
10-30 Med. Dense 4-8 M./Stiff
30-50 Dense 8-15 Stiff
50+ Very Dense 15-30 V-Stiff
SUMMARY:
Earth Boring _j2
30 + Hard Rock Coring
Samples _
HOLE NO. SVE-8
Hydraulic Conductivity Values from Slug Tests
Screened Interval
and Geologic Type Water Level YO K
Well Depth in ft bgs Depth in ft bgs ft cm/s
MW-1 5 to 15' Silty Sand 6.84 0.3 1 X 10 -
RW-1 5 to 20' Silty Sand 12.78 0.3 1 X 10-1
JB-1/MW 27 to 37' Bedrock 13.64 1.0 7X 10'
BX-1 20 to 25' Bedrock 13.75 0.5 .5 X 10
JB-8/MW 7 to 17' Silty Sand 13.22 1.4 2 X 10
MW-B 5 to 15' Silty Sand 12.81 0.7 6 X 10
Arithmetic Mean
Geometric Mean
Notes:
9 X 10 4
4X10-4
Slug tests conducted on February 14, 1996.
YO. initial displacement as calculated using Bouwer and Rice Method.
K - Hydraulic conductivity using Bouwer and Rice Method.
ft bgs - feet below ground surface,
cm/s - centimeters per second.
ft - feet.
MIMI 7:
MW-I Slug Test
DATA SET:
mw-I.dat
1.. 02119/96
AQUIFER TYPE:
Unconf I ned
SOLUTION METHOD:
Bouwar-Ric
TEST DATE:
February 14, 1996
0~5. WELL:
0.1 ESTIMATED PARAMETERS:
K = 0.00214 ft/mn-
YO - 0.2992 ft
-, TEST DATA:
HO = 0.31 ft
0 rc - 0. 16 ft
rw = 0.27 ft
L 7. ft
b = 10. ft
H 7. ft
0 .0 1 1 1 1 1 1 1 1I I J II II I J 1 1 1f tf l t f
0. 1. 2. 3. 4. 5.
Time (min)
L~ ~
JB-1/MW Slug Test
- II III I I I I~ If II I 1 I II I I 11111
II I 1ff Ill III III III II III If
0. 5. 10. 15.
Time (min)
20.
ffI1 I
25.
DATA SET:
lb-.I dat
02 119196
AQUIFER TYPE:
Unconr nod
SOLUTION METHOD:
Bouwor-RI co
TEST DATE:
February 14, 1996
OBS. WELL:
JB- I /MW
ESTIMATED PARAMETERS:
K - 0.0001433 ft/min
yo K 0.993 ft
TEST DATA:
HO = S.25 ft
rc = 0.08 ft
rw = 0.1 ft
L = 10. ft
b = 40. ft
H 20. ft
~meS
I- .
.4~i
4)
0
R
0')
0.1
RW-1 Slug Test
DATA SET:
rw-1 .dat
1L 02120/96
AQUIFER TYPE:
Unconrind
SOLUTION METHOD:
Bouwor -Rico
o TEST DATE:
February 14, 1996
OBS, WELL:
4-j RW- I
0.1 00 EST I MATED PARAMETERS:
K - 0.002148 rt/min
-0 yO - 0.2704 ft
V) TEST DATA:
0 HO = 0.2 rt
0 -0 0 0 0 r c - 0 . 2 t
0 - rw =0.27 ft
0 L - 8. rt
b = 10. ft
H - 6. ft
0.01
0. 2. 4. 6. 8. 10.
Time (min)
BX-1 Slug Test
DATA SET:
bx-1 .dat
-1 J l l l li 1 1 11 1 1 11 1 1 1 1 1 1 1 111i l I l l 1 1 1 1 L 0 2 /2 0 /96
AQUIFER TYPE:
Unconf I ngd
SOLUTION METHOD:
Bouwor-Rice
TEST DATE:
February 14, 1996
OBS. WELL:
ax-i1
0.1 EST I MATED PARAMETERS:
9.4764E-05 ft/min
-I -y0 0.4577 ft
- TEST DATA:
HO = 0.7 ft
rc = 0.08 ft
rw = 0.1 ft
L 5. ft
b = 40. ft
H = 10. ft
c
0.01
0. 12. 24. 36. 48. 60.
Time (min)
of,
I
777 r
~-
MW-B Slug Test
DATA SET:
mw-b d at
J| 02/20196
AQUIFER TYPE:
UncontIned
SOLUTION METHOD:
Bouwr-RI ce
TEST DATE:
February 14, 1996
OBS. WELL:
MW-B
0.1 - -ESTIMATED PARAMETERS:
K = 0.001205 rt min
yO - 0.7327 ft
('9 TEST DATA:
0H 0.15 ft
rc - 0.08 ft
Q rw= 0.1 ft
-L L 2. ft
b 8. ft
SH =2. ft
0 .0 1 1 1 1 11 1
0. 2. 4. 6. 8. 10.
Time (min)
JB-8/MW Slug Test
DATA SET:
jb-6 .dat
10- -4 02120/96
AQUIFER TYPE:
Unconrined
SOLUTION METHOD:
Bouwer-RIc
TEST DATE:
February 14, 1996
OBS. WELL:
C J 8- /MW
EST I MATED PARAMETERS:C)
K 0.004403 ft/min
yO = 1.406 ft
0.1 TEST DATA:
0 HO = 0.31 ft
0 -rc = 0. 16 ft
rw = 0.27 ft
L = 3.7 ft
b = 5. ft
H = 3.7 ft
0. 0.8 1.6 2.4 3.2 4.
Time (min)
wAr.ww, -,,, .... .. I ., 1-11 1. .. I..,- I . -1.1.
Summary of Soil Venting Pilot Test
Test Parameters
Date:
Well Diameter:
Depth to Water
Depth to top of screen
Available Screen (plus sandpack) *
Surface Area of Well Screen
Flow Rates (low)
Flow Rates (max)
Duration of Pilot Test
15 cfin @ 10 in H20
52 cfm @ 45 in H20
187 min
37 cfm @ 8 in H20
80 cfm @ 36 in H20
150 min
Air Permeability (est.)
Hydraulic Conductivity (slug test)
Radius of Influence
Vapor Characteristics:
TPH (as gasoline)
Benzene
Toluene
Ethylbenzene
M & P Xylenes
o-xylenes
MTBE
LEL
Oxygen
Carbon dioxide
Methane
Initial Removal Estimates:
VOC loading
Biodegraded gasoline
Total Gasoline Removed
1-10 darcy
2 X 10 - cm/s
29 +/- 5'
17,000 ppmv
30 ppmv
44 ppmv
4.8 ppmv
24 ppmv
6.4 ppmv
<6 ppmv
>99%
9.70%
5.70%
0.45%
13.6 lb/hr
5.9 lb/hr
3.0 gallons/hr
1-10 darcy
I X 10 3 cm/s
65 +1- 5'
7,400 ppmv
36 ppmv
4.5 ppmv
18 ppmv
48 ppmv
10 ppmv
<6 ppmv
>99%
11.10%
6.00%
1.40%
9.0 lb/hr
9.0 lb/hr
2.8 gallons/hr
* Sandpack adding additional surface effective screen length.
bsg - below surface grade ppmv - parts per million by volumc
sf - square feet TPH - total petroleum hydrocarbon
cfm - cubic feet per minute lb/hr - pounds per hour
cm/s - centimeter per second MTBE - methyl tertiary butyl ether
LEL - lower explosive limit VOC - volatile organic compound
JB-8/MW
2/13/96
2-inch
13.24' bsg
7.3' bsg
6'
3.1 sf
RW-1
2/14/96
4-inch
12.78' bsg
5.0' bsg
7.8' *
8.1 sf
f
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SOIL VAPOR EXTRACTION AND AIR SPARGING SYSTEM
OPERATIONS LOG SHEET
DATE:
TIME:
BY:
DESCRIPTION UNITS RANGE DATA NOTESSOIL VAPOR EXTRACTION SKID:
Hour Meter hours 7 5. o
Outlet Vapor Temperature deg. F 70-120 13
Pre-separator drum vacuum "water 0-20 3:.
Post- separator drum vacuum "water .37 , c.L -l .
Back Pressure "water 0-5 0
Pre-Carbon PPM 0-200 P " j o. 2 14-N'
Mid-Train PPM 0 I 2.
Post-Carbon PPM 0 p
Extraction Well: Pressure
1 " water 0-10 ./ - -/ 
-2 "water 0-10 J) /zo
3 "water 0-10 2Q._ /Z 
_
4 "water 0-10 -Z / __0
5 "water 0-10 2 
_f / 75_
6 "water 0-10 'z / 
_s-
7 "water 0-10 Z9 -/ 
_
8 "water 0-10 Z V z'AIR SPARGING SYSTEM:
Hour Meter hours 
.__.__1
Air Temperature deg. F 25-150 ISO
Pressure psi 0-45 -
Air Flow cfm 0-45 -Sparge Wells: Pressure
1 psi 0-10 3 S _
2 psi 0-10 3 5'
3 psi 0-10 _3.__
4 psi 0-10 3.5
5 psi 0-10 2 s_'
COMMENTS:
- 10o'-0 ~'7rl-4 o4''-df-I av,,c-+",I 'I
PACEQ 9 I QI (
-J
b.
I 3Z0 IA!,'..
METALS /
ODOR/j 
,
COLORC I f_
......~~ ~ ~ ~ 11 t4," /-b r
CLARITY c IerA-e
PH
TEMP. oCIL17 q$lqV i5-6,
q , Is,( -8 1/- 33 .- Z L21 122,,
CONDUCTIVITY J 1.57 155 ).71 117q
REMARKS (I.*., -Field fiti ton Pur Piing prob S.
Do - C7 o 0- , 'D.39
~L. ..L.,- ~.1.~
1+ J~.F' ~~ I -b I-~''
AAI.a
iL
7,01 &S,146-t (647( 7'.W 7.2__
.(-7 )6q /4-f W I & 4'1 0.1 114a~ 0 N62 
10,770 0-7oy 0.71> 0 ,,s , an0.
m ?"Aw- .. ervs..
41- Atk, C"nv61  , -A ~r w7  A
O ~I- Eor .
C VV
SIDE 2 SAMPLING RECORD
"f 10
0, 3 ' 10,134 11 5Iq ? -72 -7t2 9 -- 7
I
Vy-),. I 14 j4-: z:
FILE XO CLIENT SAMPLINC DATE
CROUNDWATER SAMPLING INFORMATION
WELL NO. 13- C2 -2- B-tA -64 T
WATER DEPTH (CS) 5 _ _ - 65 I
TIME
PRODUCT
DEPTH OF WELL (CS) 
-__
STANDINC WATER
DEPTH
WELL I.D. 2_2 z
VOLUME OF LL
WATER IN WELL 0--
DEVICE c- C ,tssf c err -.)6
VOLUME OF BA!LERI
PUMP CAPACITY -
CLEANING
PROCEDURE __e__ 
__ _
BAILS REMOVED/
VOLUME REMOVED' to 54 I1) jolt
TIME PURGING /zofz15 q L6-79STARTED
STOPPED 1L) 330 5~o (1/ 3.'0
SAMPLING DEVICE Per'4-aI+,c Pen +.I,, NPI 5 -p,/ c- per'%/l.'
CLEANING ' ''
PRCDRE-, )dy.'k ~ ,4
SIDE 2 SAMPLING RECORD PACE 1 f
NO CLIENT SAMPLIN DATE
GROUNDWATER SAMPLING INFORMATION
'WELL NO. M w / M3
WATER DEPTH (CS) 2 LI43 V2f
TIME 9-73_ O02-O
PRODUCT -00 vN -
DEPTH OF WELL (CS) \q.3 0 13. _7o K__L_ 4-0
STANDING WATER 0 -. 3 'r. 
_ _DEPTH
WELL I.D. 2 2 .
VOLUME OF 13.0 t 4-WATER IN WELL
PURGING~~
DEVICE -c 5 I-!4 ,e
VOLUME OF- 8AILtK
PUMP CAPACITY ~ --
CLEAN ING x 7 i (.c~i~
PROCEDURE _______ _____
BAILS REMOVED/ 0 3 5
VOLUME REMOVED'
TIME PURCINC
STARTED -7,& 3S 01-0
STOPPED _0105 . 0100 1 r-
SAMPLING DEVICE
-!CLEANING
PROCEDURE
YQ P[ 02'D OjOO 10 (0 1
W ADN
w METALS
1./-7o/i6oo/ 005 o/o0/S 0 o/o v/5s/ (lb v/15to ./
ODOR 4 I- ____ v.
CLARITY
TEMP. .C ;U C 122. OJ c
S NL IH 4 T y T u LA le Lj3 2 , S1 9/1 .. 0o . 10. , 7q 1. L
CONDUCTIVITY 0 %vo oi/ A r-. --
REMAR (S (I.e., F; ol fltration, puring and sampi/ng problms, etc
5-3s s2 - ~
it
Jr
-4. z
34.1
'37'
CLIENT
SAMPLING RECORD
IR DEPTH~
PRODUCT
DEPTH OF WE
STANDING WA
DEPTH
wELL I n
CROUNDWATER SAMPLING INFORMATION
I(CS)
aX- I A,
4-. 1 1
C 24.
(~~g1 1 OQ I
k, %
LL (CS) 
. 3,25 
3 
_ 
__
T'ER It.1-L
1" 7- 1
VOLUME OF -7 __
WATER IN WELL
DEVICE
VOLUME OF BAILER
PUMP CAPACITY
CLEANING
PROCEDURE _ _ _ 
_________J
BAILS REMOVEDI
VOLUME REMOVED 0oy- -
TIME PURGING
STARTED
STOPPED
SAMPLING DEVICE
.EAND4G J
yo- p- I1230 ___________
ADM
METALS
ODOR
COLOR
CLARITY
PH q 2 q- Z1/4-33
TEMP. *C ./ ) I
S1 /13 33-11 .L
CONDUCTIVITY 0 /--
REMARKS (i.e., -Field nitration, purging and sampling problems. etc.):
-4' ~  ~ ~ ~ o .1-cj Ac- 330,T
-T 1 *
P,% .
SAMPLIRC DATE
of -
R
I RA- -
.5-0
SAMPLING RECORD
GROUNDWATER
sl DE 2 
-
FILE NO. C
ALL NO.
WATER DEPTH (CS) -7
TIMEC-
/Kw .? Z
PA;E I o
SAMPLINC DATE
SAMPLING INFORMATION
I I
. C.39
~1 1
DEPTH OF WELL (CS) 543 t0o
STANDING WATER
DEPTH 2
WELL 1.D. 2
VOLUME OF
WATER IN WELL
PURG IN
DEVICE
VOLUME UF IIAILER 
-PUMP CAPACITY 
-ICLEANING AA-. j 1 L _____ ____PROCEDURE
BAILS REMOVED/
VOLUME REMOVED'
TIME PURGING
STARTED
STOPPED
SAMPLINC DEVICE
PROCEDURE ct- t d
VOA
ABN
METALS
ODOR
COLOR 0-
CLARITY &LAV'
pH
CONDUCTIVITY
REMARK5 (i.e.. Field nitratimo, purgi on sampling problems, etc.):
o (Zf/ 
s 
.
-J
a.
'C
~
SR
i _w
I
II&
j01
GROUNDWATER SAMPLING RECORD
Page r
1~
GROUNDWATER SAMPLING INFORMATION
WellNo. Jf MW -ZA BX- A ///MW
WatzrDepth
Time OBJle 0 3c" 0 
_4_ 0__
Product -
Dept Or WelI I U. 1. 77 Q, Z Z2 3 5
Inside Diameter 1
Standing Water Depth 10.35 !
Volume Of Water In Well 01-7 1 &K j'k -'). !i3
Purging Device 14, < V-1 -; P er t
Volume of BailcerPump Capacity -
Cleaning Procedure
Bail Removed/ Volume Removed 57. 0 (j o-e
Time Purging Started
Time Purging Stopped
Sampling Device ;- PC Y C p-h'eI4 t. CPC_1__-_ _
Cleaning Procedure
VOA
z
Se ABN
Metals-
VPJ Si45 I 0 V_5-_ 1  -Z2 )!__ _
Color 
- "C I c' r 
,05f
Odor
0 pH .1 14 7cI p.
t- Conductivity .7/p/p z/.t.-. /?/3o
of Turdity 7(z/ './7 q 
-7 .31 y vql/< Lj
Dissolved Oxygen f 5Yr/ . D 5 / 0 )t.33/, A. 1-,/7/| . , 2.5-/ 1)1.- 5 ;__V___
TettspC /Z. 7/t.,. 0/l;/0 
__________ 
__________/1 a 0 4L /9ia &/93 /vs
Salinity
Remarks: (ie: field filations. persons communicated with at site, etc.)
Fore 03201
GROUNDWATER SAMPLING RECORD
.Page
PROJECT
LOCATION
CLIENT
CONTRACTOR
GROUNDWATER SAMPLING INFORMATION
I
I
Well No. J - Mk/ j- A ?
WatDepth 608 7. ;E
Ti'e O 55 ko_
Product
DepthOfWell 2- 4
Inside Diametwe
Standing Water Depth
Volume Of Water In Well
Purging Device 4K
Volme of Bailer/Purp Capacity
Cleaning Procedure
Bails RIeimed/ Volume Removed
Tbwe Purging Staited
Time Purging Stopped
Sampling Device 
-
Cleaning Procedure
VOA
z
:i ABN
w Metals
VPP
Color crla5-aS)
Odor
SpHp
Conductivity
Turbidity 
-7/1-0/ /3
Disolvedoxygen 1.10 /.0 Z-y' 5/ 7 
-_5_12_7
Tceip 0 C 7. 
.
Salinity
Renoans: (ie- field filtratiOns, pen a conmrmicattd with at site, etc.)
Form #3201
I
z or z
SIDE 2
FluF X0.7
SAMPLING RECORD
- C~LItl I
C! n .d
I qj 7
* _ _ __ _ _ t'' ( '
COLOR Co~ Y1 f~v4
CLARITY
PH 593 I 9 (,3 S
TEMP. 'C 1 1 1 q
SALJNVIfY..us -
CONDUCT)VITy
REMARKS (I..., Field flltrat n, urI g ani sam lng
I e? 2 q7-i- 2
0 ~ 73 1.9 10 5 10
i61
C' Ir I('ri CMA b v U- !
C-~1 ovL..SJ c~'It Lovr - ________
c CA c- v,
4,11 J gg 1 ("13 6. 13 ,. 8 u ( .
t4 1I 0jo, -&0 >, 4,7 ( g- -3 I n 8.
0-q0-91 . 351, 0.b 35' 0 | o.6- 1 d. c0.C ONS T S- S
0-51~~~ 1. q . 0 & 1* 2.8 *-
-113 -1J -11L- -- ido - i Z -t7,9
vo 17,4, f 5_ qo 1z ,5s I5 to
K IA
I
CROUNDWATER SAMPLINC INFORMATION
WELL NO. - 1 m v j q - 4 \-
WATER DEPTH (CS) A u~ 10 7- .7 3___ 2c
TIME
PRODUCT
DEPTH OF WELL (CS) IQ, 1S 5.90 13 Is IL- lb -2
STANDING WATER go- 33 s. q 0 (793___DEPTH 
______
WELL 1.D.
VOLUME OF 
- l0 
"
WATE IN WELL
PURGING
DEVICE ,er
VOLUME OF BAILER1 
-
PUMP CAPACITY - -
CLEANING
PROCEDURE 
_ a _
BAILS REMOVED/
VOLUME REMOVED' 5J 0
TIME PURGINC
STARTED 3 2
STOPPED -32h0 00
SAMPLINC DEVICE p L I
CLEANINC
PROCEDURE S6ow , 4 e$
yox \1 F3 H ~ ) 00 0
ABN
METALS
LnX
p4t
010 y U as (I r
c L -
$ANPUlt; DA T
CLIENT
SAMPLING RECORD
CROUNDWATER SAMPLINC INFORMATION
jDEPTH (CS)
AE
CLA
pTEM
REMAI
to w - ZA
A ~T
1J%3 -(/t-vJ
eyo
PAt 2
SR #
SAMPLINC DATE
*1 9
0.0 1 44
DEPTH OF WELL (CS) (3 10 2___
STANDING WATER
DEPTH
WELL I.D. 2_
VOLUME OFEL
WATER IN WELL .7~" 
_____
PURGING
DICE 
___________v
VOLUME OF BAILERJ
PUMP CAPACITY 
-
CLEANING7 7 
_ ___PROCEDURE (J 
_d_
BAILS REMOVED/ 
VOLUME REMOVED* \rJt-fl r.
~~ ~ "Y (,u X) _______
TIME PURCINC
STARTED I{oc0
STOPPED I
SAMPLING DEVICE pe '
=LEAN ING Q ix-~-~t~~~)
PROCEDURE
ASH
< METALS
ODOR
COLOR
RITY C-
P. *C 17 J 0,7 q .w j~ 11r q W.- ~_____
UCTIVTY 0 9 3 0 f4 53 
-__ 
_ _ _RKS (i.e., Field fnlun tion. purg gand sam Aing prvbI fms, gtc,
.2A 1.0' j'2 1,1
m Iss5' ~ -q 4 q
.1' ~
OLJ-11
SAMPLI NG RECORD PA~t
CLIENT SIMPLIK9 DATE
CROUNDWATER SAMPLINC INFORMATION
TEMP. 'C L ilxs/)7q;;.
CONDUCTIVITY 0.731 o 
__-____ 
-. _
REMARKS (i.e., 
-Field flitration, purging and sampling
90 1.6/19W1.16y
r-r
,20-i/ Cno
3V Wf
cO 1 -0 ,
71 c 16.57 
______
.?I ARjo.773/O 77G/0T7 - ,,,
probias, etc.):
,1
2 ?
-3
j ,00
i)E
ICE 2 17
CLARITY cIu.4x~i
N j r-,Gt (".. #,j_ I
W ELL N O . J S - I A f -1 5 - AA VV-2A U A - j 9 - 0/ 4,
WATER DEPTH (CS) 7.Z ?s 
_. -7q
TIME
PRODUCT NP
DEPTH OF WELL (CS) 13.bO IQ. r)_13 -6 I_ L1. O
STANDING WATER
WELLI.D. 
___
VOLUME OF I i-1 
~~WATER IN WELL 
- I 0PURGINGi.,-C 
41,.IDEVICE ftP O vU- Llc"bVOLUME OF BAILER-
PUMP CAPACITYCLEANINEG 0AJI~k~ 7 &uk~ 
~ -cJ
BAILS REMOVEDI 0 
.VOLUME REMOVED' 
- V\ S
TIME PURGING
STARTED
STOPPED
SAMPLING DEVICE Fe4S4L 4 5.s I P 5
CLEANING ~ J Jr) cJ ,./PROCEDURE JA t z C4 du
-VOA
ASN
METALS
ODOR r 4  I.-
COLOR
N &
y SAMPLING RECORD
CLIEXT.
-j
WI-
ODOR
COLOR I
CLARITY
TEMP. ec
SALI Y T". j7 2 2 s 32
CONDUCTIVITY to, I ./I,5s/ 1 C.
REMARKS (i.e.. Field fnltration, purging and sampling probi
P. r. P/0.2,3 A l 0931 1.00..0
7-
?AIL""2 .t
CROUNDWATER SAMPLINC INFORMATION
WER DEPTH (CS)
f TIMEiIPRODUCT
10.08 F G-2.I.
-
K I
I I 4
I . .~ ~
0-'
DEPTH OF WELL (CS) 3S.2 _ 0 0
STANDING WATER
DEPTH 
-, 1_ 
WELL 1.D. 
_ _
VOLUME OF
WATER IN WELL
PURGING
DEVICE r s
VOLUME OF SAILEK/
PUMP CAPACITY
CLEAN ING
PROCEDURE LC
BAILS REMOVED/ (J.O 
-VOLUME REMOVED'
TIME PURGING
STARTED
STOPPED
SAMPLINC DEVICE 42!t pf, k c 
_s_
CLEANING
fPROCEDURE cLcCt
VOA
ABN
METALS
vFH I
_z_
(3 -- L I I
I I
I
5ANP[lkC UAYE
SIDE Z 
- SAMPL
FILE 90. CLIENT_
CROUNDWATER
tra Oon,
ING RECORD PAI| I O 1
SAMPLINC DATE
SAMPLING INFORMATION-
ELL NO. _____-w'2A JA-4 A M - 1--3 Jo w' /Mvj
WATER DEPTH (CS) a Iz2 1 .Z0Z
TIME or OOO
PRODUCT
DEPTH OF WELL (CS) .23. 3 0 __0r.o___4.50 \6-00
STANDING WATER
DEPTH
WELL 1.D. 1" ' "
VOLUME OF 0') .-WATER IN WELL \..A 5 . - _ _ 0. &
PURGING
DEVICE PC y- -5 s P 4
VOLUME OF BAILERI
PUMP CAPACITY
PROCEDUR E dic 4-c- A- -
BAILS REMOVED/
VOLUME REMOVED J 3.)
TIME PURGINC
STARTED 11 0 103 O 
-13(9
STOPPED L3o. 1000- l-
SAMPLINC DEVICE pLnSZ" 4 +-A C 5 .Z'I t-Z, T p-cr'-." ..
CLEANINC
PROCEDURE d - < c I A C- k- C-.c4 J 1--t
YDA'- vi - H o- 11-70 Q0 L
ABN
METALS
ODOR
COLOR 
f u
- c oloy Ity cl- C,0o -- U j
CLA RITY
.. -- (.3
sA I'Y c 1-7,1z v
SNWIT re 6 4-11 453 P9 bo 134 5 9 0Z
C O N D U C T I V I T Y c "1? 0 o-5 
' P7 47,7 .47o 2-5 i04
REMARKE -i ] C 7d fIL 757 u 1.purgi vg an
5-. -
I samF ling
I
RM RS t. ., 0
54. p4 prvbi s, .%C)).01 1.5:1 2.0 1 O 3 0-41.0 2-o
SAMPLING RECORD PA;E
~R ~* ~oF z.SAMPLINE DA TE
GROUNDWATER SAMPLING INFORMATION
I j-l/mw I C
L Z- I I - , ) I)
TIME
PRODUCT 
-
DEPTH OF WELL (CS) 3!1o 2(0 10A00
STANDING WATER
DEPTH
WELL 1.D.
VOLUME OF
WATER IN WELL
PURriNG
DEVICE
VOLUME OF BAILER/
PUMP CAPACITY
CLEANING
PROCEDURE cA- - c. 4-
BAILS REMOVED/ VVI i5
VOLUME REMOVED*
TIME PURGING
STARTED
STOPPED 14-45
SAMPLING DEVICE 
_ 
r 
_4
CLEANING
PROCEDURE
VITA 14z 7iI
ABN
SMETALS
ODOR 4
COLOR
CLARITY
PH
TEMP. *C
REMAR 
., .Fisid nlitritko, purgi g bn sampling prvbiens, etc.) :
t 4-0 3.c, 12-
1-i.
CLIENT
,LL NO.
WATER DEPTH (CS)
-- 'LI
II I
I
GROUNDWATER SAMPLING RECORD
Page 1: of 2
PROJECT
LOCATION
CLIENT
CONTRACTOR
GROUNDWATER SAMPLING INFORMATION
Well No. v-- JV1 13 Y- N A z
Water Depth (AI) OC
Time
Product
Depth Of Well (fl) 
-;. o O4 ;-t)
Inside Diameter (in) 2
Standing Water Depth (ft) -3- \.-
Volume Of Water In Well (gal) 1 0,110
Purging Device
Volume of Bailer/Pump Capacity
Cleaning Procedure -- c0 J .
Bails Removed/ Volume Removed
Time Purgittg Started
Time Purging Stopped
Sampling Device
Cleaning Procedure
~Q 114 177 20) ~
1z ABN
w Metals A -3 _
134
-T I i 10o0,101 D 3 15<-,L ,.3 i T9
Color CO.l 'fc ,r C
Odor -- '"' auar
PH 10 10 
9
.- '31, 3&- 9,J3 "t161, 1 ' 0 1 An, 8 Z8 4 1"
Conductiviy t.yl, ,( 0 3 9 a viC O o'46 9L
w Turbidity 2 1 4 7. q 10 1-7.3 - I
Dissolved Oxygen 5 1, i2- -, 78, 7 7, 6. 1 4 ? 2 29 ,2. L? Q. f p.1
Temp,."C -,1 1 & 17, 1 , tT,- 6, 1 t... 0 1 - t
1 t P o - I , ; 0 2 7. 10.0 r2.
Remarks: (ie: field filtrations, pers ns communicated with at site, etc.)
1. Standing Water Depth - Depth c f Well-Water Depth
Frm #32 0 1?-1 t8 i -L ,? S , 6t, .144 I
Farer $0201
*~.c ~ ~ ~ ~.uU~-~- --- -~ ~ - -. - - -- - - - -- - - - -
GROUNDWATER SAMPLING RECORD
Page of
D
GROUNDWATER SAMPLING INFORMATION
Well No.
Water Depth (1)
Time
Product
Depth Of Well (.)
Inside Diameter (in)
Standing Water Depth (ft) ' -S3
Volume Of Water In Well (gal) 0.4
Purging Device
Volume of Bailer/Pump Capacity
Cleaning Procedure
Bails Removed/ Volume Removed
Time Purging SLarted
Time Purging Slopped
Sampling Device
Cleaning Procedure
VOA
z
ie ABN
Metals
w
Color
Odor I
in PH
Conductivity
S Turbidity f..4
Dissolve.d Oxygen q J C
Temp, 0 C 4
feats: (ie: field filtrations, Persons comrmunicated with at site, etc.)
1. Standing Water Depth - Depth of Well - Water Depth
Form #3201
I __ ___ 117M :977,1777= 1ok17eietri L rdT"
EN 858 & CP 858
Sealed Regenerative Blower w/Explosion-Proof Motor
FEATURES
- Manufactured in the USA - ISO 9001 compliant
- Maximum flow: 400 SCFM
- Maximum pressure: 120 IWG
- Maximum vacuum: 98 IWG
- Standard motor: 10 HP, explosion-proof
- Cast aluminum blower housing, cover, impeller &
manifold; cast iron flanges (threaded); teflon lip seal
- UL & CSA approved motor with permanently
sealed ball bearings for explosive gas
atmospheres Class I Group D minimum
* Sealed blower assembly
- Quiet operation within OSHA standards
MOTOR OPTIONS
- International voltage & frequency (Hz)
- Chemical duty, high efficiency, inverter duty
or industry-specific designs
- Various horsepowers for application-specific needs
BLOWER OPTIONS
- Corrosion resistant surface treatments & sealing options
- Remote drive (motorless) models
- Slip-on or face flanges for application-specific needs
ACCESSORIES (See Catalog Accessory Section)
- Flowmeters reading in SCFM
- Filters & moisture separators
- Pressure gauges, vacuum gauges & relief valves
- Switches - air flow, pressure, vacuum or temperature
- External mufflers for additional silencing
- Air knives (used on blow-off applications)
- Variable frequency drive package
BLOWER PERFORMANCE AT STANDARD CONDITIONS
5.0 -
4.0 -
3.0 -
2.0 -
1.0 -
AIR FLOW RATE (M3/MIN)
2.0 4.0 6.0 8.0 10.0 12.0 14.0
140 . i . . . . . 1
PRESSURE
A-MAX PRESSURE
POINT
A-1OHP 0-7.5 HP
A
A A+ +
LL
0
W
W
z
3D
25
60 - - - 60 - -H150
40-- - 0 Hz -100
20---- - - - -- so
zLzHzHzW±lz
10-
0 >
64
0 X c
< Z~ 2
2-
0 100 200 300 400 000
AIR FLOW RATE (SCFM)
120
0 Zo, 4
w 40
I )12,000
01 ISO1
Uj 100
100 10
W
AIR FLOW RATE (M3/MIN)
2.0 4.0 6.0 8.0 10.0 12.0 14.0
.140 1 t
SUCTION
-120- A-MAXSUCT1ON 
_ 3ePOINT
A,1 A-10HP B-7.SHP
0 H -200
.60 - 60 Hz 150
40- 50 --- 100
-20
E
-H H-50
L _ f I- \ I0 100 200 300 400 500
AIR FLOW RATE (SCFM)
C? 120
0100
0
12,000
p0 000
3 .000
IS0
100o
MQ 0
120 -
100-
AMETEK Rotron Industrial Products, Saugerties, NY 12477 e mail: rotronindustrial@ametek.com * internet: www rotronindustrial com
